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Abstract ____________________________________________
This paper synthesizes available information on the effects of hazardous fuel reduction treatments on 
terrestrial wildlife and invertebrates in dry coniferous forest types in the West. We focused on thinning 
DQGRUSUHVFULEHG¿UHVWXGLHVLQSRQGHURVDSLQHPinus ponderosaDQGGU\W\SH'RXJODV¿UPseudotsuga
menziesii ORGJHSROHSLQHPinus contorta), and mixed coniferous forests. Overall, there are tremendous 
gaps in information needed to evaluate the effects of fuel reduction on the majority of species found in our 
focal area. Differences among studies in location, fuel treatment type and size, and pre- and post-treat-
ment habitat conditions resulted in variability in species responses. In other words, a species may respond 
positively to fuel reduction in one situation and negatively in another. Despite these issues, a few patterns 
GLGHPHUJHIURPWKLVV\QWKHVLV,QJHQHUDO¿UHGHSHQGHQWVSHFLHVVSHFLHVSUHIHUULQJRSHQKDELWDWVDQG
species that are associated with early successional vegetation or that consume seeds and fruit appear 
WREHQH¿WIURPIXHOUHGXFWLRQDFWLYLWLHV,QFRQWUDVWVSHFLHVWKDWSUHIHUFORVHGFDQRS\IRUHVWVRUGHQVH
understory, and species that are closely associated with those habitat elements that may be removed or 
consumed by fuel reductions, will likely be negatively affected by fuel reductions. Some habitat loss may 
persist for only a few months or a few years, such as understory vegetation and litter that recover quickly. 
The loss of large-diameter snags and down wood, which are important habitat elements for many wildlife 
and invertebrate species, may take decades to recover and thus represent some of the most important 
habitat elements to conserve during fuel reduction treatments. Management activities that consider the 
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Foreword ______________________
This document is part of the Fuels Planning: Science
Synthesis and Integration Project, a pilot project initiated
by the USDA Forest Service to respond to the need for
WRROVDQGLQIRUPDWLRQXVHIXOIRUSODQQLQJVLWHVSHFL¿F
fuel (vegetation) treatment projects. The information
addresses fuel and forest conditions of the dry inland
forests of the Western United States: those dominated
E\SRQGHURVDSLQH'RXJODV¿UGU\JUDQG¿UZKLWH¿U
and dry lodgepole pine potential vegetation types.
,QIRUPDWLRQZDVGHYHORSHGSULPDULO\IRUDSSOLFDWLRQDW
WKHVWDQGOHYHODQGLVLQWHQGHGWREHXVHIXOZLWKLQWKLV
IRUHVW W\SH UHJDUGOHVV RI RZQHUVKLS 3RUWLRQV RI WKH
LQIRUPDWLRQDOVRZLOOEHGLUHFWO\DSSOLFDEOHWRWKHSLQ\RQ
SLQHMXQLSHU SRWHQWLDO YHJHWDWLRQ W\SHV 0DQ\ RI WKH
concepts and tools developed by the project may be
useful for planning fuel projects in other forests types.
,QSDUWLFXODUPDQ\RIWKHVRFLDOVFLHQFH¿QGLQJVZRXOG
have direct applicability to fuel planning activities for
forests throughout the United States. As is the case
in the use of all models and information developed for
VSHFL¿FSXUSRVHVRXUWRROVVKRXOGEHXVHGZLWKDIXOO
understanding of their limitations and applicability.
 The science team, although organized functionally,
ZRUNHGKDUGDWLQWHJUDWLQJWKHDSSURDFKHVDQDO\VHV
and tools. It is the collective effort of the team members
WKDWSURYLGHVWKHGHSWKDQGXQGHUVWDQGLQJRIWKHZRUN
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Introduction ____________________
 The National Fire Plan (USDA and USDI 2001) and the
Healthy Forest Restoration Act (HFRA 2003) mandate federal
land managers to restore forest habitats and to reduce risk
RIZLOGÀUHRQIHGHUDOODQGVSDUWLFXODUO\DORQJWKHZLOGODQG
urban interface. Restoration may include reducing fuels and
PD\DOORZÀUHEDFNLQWRÀUHGHSHQGHQWV\VWHPV7RUHGXFH
WKHLQWHQVLW\DQGVSUHDGRIÀUHIHGHUDO ODQGPDQDJHUVDUH
UHGXFLQJKD]DUGRXVIXHOVSULPDULO\E\XVLQJWKLQQLQJVHOHF
WLYHFXWWLQJRUSUHVFULEHGÀUHRUDFRPELQDWLRQRIWKHWZR
(Graham and others 2004; USDA 2003). Hazardous fuels are
JHQHUDOO\FRQVLGHUHGWREHVWDQGLQJDQGGRZQGHDGZRRG
WDOO VKUXEV DQG VPDOO WUHHV²IRUHVW ELRPDVV WKDW KDV DFFX
PXODWHGDVDUHVXOWRIPDQ\IDFWRUVLQFOXGLQJSULRUODQGXVH
IRUH[DPSOHFDWWOHJUD]LQJZKLFKUHPRYHGÀQHIXHOVWKDW
RQFHFDUULHG IUHTXHQWXQGHUVWRU\ÀUHVDQGVXFFHVVIXOÀUH
H[FOXVLRQSURJUDPV&RYLQJWRQDQG0RRUH3HWHUVRQ
and others 2005).
 3DUW RI WKH SODQQLQJ SURFHVV IRU IXHO UHGXFWLRQ SURMHFWV
LVDQHQYLURQPHQWDODVVHVVPHQWRISRWHQWLDOLPSDFWVXQGHU
WKH1DWLRQDO(QYLURQPHQWDO3ROLF\$FW 1(3$ DQG
WKH1DWLRQDO)RUHVW0DQDJHPHQW$FW 1)0$6XV
WDLQLQJYLDEOHSRSXODWLRQVRI WHUUHVWULDO IDXQD LVJHQHUDOO\
DFFRPSOLVKHGE\PDLQWDLQLQJKDELWDW%HFDXVHSRSXODWLRQV
DUHDVVRFLDWHGZLWKWKHVWUXFWXUHDQGFRPSRVLWLRQRIOLYLQJ
DQGGHDGYHJHWDWLRQWKHUHLVOLWWOHGRXEWWKDWIXHOUHGXFWLRQ
SURMHFWVZLOODIIHFWKDELWDWVLQVRPHZD\
 Fire regimes in dry coniferous forests of the West have
EHHQFKDUDFWHUL]HGDVKLVWRULFDOO\KDYLQJORZLQWHQVLW\ÀUHV
DW IUHTXHQW LQWHUYDOVRYHUVPDOO WRPRGHUDWHVSDWLDO VFDOHV
$JHH7KHVHIRUHVWVZHUHRIWHQGHVFULEHGDVSDUNOLNH
E\HDUO\H[SORUHUVDQGVHWWOHUV/LJKWQLQJLJQLWHGÀUHVFDU
ULHGRQWKHVXUIDFHNLOOHGVPDOOWUHHVDQGWRSNLOOHGVKUXEV
Wildlife and Invertebrate Response
to Fuel Reduction Treatments in Dry
Coniferous Forests of the Western
United States: A Synthesis
David S. Pilliod
Evelyn L. Bull
Jane L. Hayes
Barbara C. Wales
EXWGLGQRWNLOOODUJHÀUHWROHUDQWWUHHVOLNHSRQGHURVDSLQH
(Pinus ponderosaDQG'RXJODVÀUPseudotsuga menziesii)
'H%DQRDQGRWKHUV'U\ORGJHSROHSLQHPinus con-
torta) and other more moist higher elevation forests likely
EXUQHG RYHU ODUJHU VSDWLDO VFDOHV DW KLJKHU LQWHQVLW\ DQG
OHVV IUHTXHQWO\ WKDQ SRQGHURVD SLQH IRUHVWV $JHH 
&XUUHQW IRUHVW VWUXFWXUDO FKDUDFWHULVWLFV UHVXOWHG IURPÀUH
H[FOXVLRQ WLPEHUKDUYHVWLQJDQGGRPHVWLF OLYHVWRFNJUD]
LQJ&RYLQJWRQDQG0RRUH3HWHUVRQDQGRWKHUV
&RQGLWLRQVWRGD\DUHGLIIHUHQWIURPWKRVHGHYHORSHGXQGHU
QDWXUDOGLVWXUEDQFHUHJLPHVSUHVHQWFRQGLWLRQVLQFOXGHODUJH
SDWFKHVZLWKKLJKVWDQGGHQVLWLHVFRPSOH[VWDQGVWUXFWXUH
PRUHÀUHLQWROHUDQWVSHFLHVDQGJUHDWHUIXHODFFXPXODWLRQV
*UDKDPDQGRWKHUV3HWHUVRQDQGRWKHUV+HQFH
fuel reduction treatments should gradually result in favorable
FRQGLWLRQVIRUVSHFLHVWKDWWKULYHLQORZLQWHQVLW\PRGHUDWH
WRKLJKIUHTXHQF\GLVWXUEDQFHVDQGOHVVFRPSOH[VWUXFWXUH
'H%DQRDQGRWKHUV,WLVSUREDEOHWKDWWKRVHVSHFLHV
that use a mosaic of disturbed and undisturbed forest stands
IRUUHSURGXFWLRQIRUDJLQJDQGFRYHUPD\EHQHÀWIURPIXHO
WUHDWPHQWVZKHUHDVRWKHUVSHFLHVWKDWDUHDVVRFLDWHGZLWKODUJH
SDWFKHVRIKLJKGHQVLW\WUHHVDQGPRUHFRPSOH[VWUXFWXUHPD\
lose habitat through fuel treatments.
 7KHJRDORIWKLVSDSHULVWRSURYLGHLQIRUPDWLRQWRKHOSIXHO
SODQQHUVÀUHPDQDJHUVDQG1(3$VSHFLDOLVWVHYDOXDWHWKH
SRWHQWLDOHIIHFWVRIWKLQQLQJDQGSUHVFULEHGÀUHRQWHUUHVWULDO
YHUWHEUDWHDQGLQYHUWHEUDWHVSHFLHVDQGWKHLUKDELWDWVLQWKH
dry coniferous forests of the Western United States. The
IRUHVWW\SHVWKDWZHFRQVLGHUDUHSUHGRPLQDQWO\SRQGHURVD
SLQHDQG'RXJODVÀUDQGWKHGULHUVLWHVFRQWDLQLQJORGJHSROH
SLQHJUDQGÀUAbies grandisLQFHQVHFHGDUCalocedrus 
decurrensZHVWHUQODUFKLarix occidentalisDQGVXJDUSLQH
(Pinus lambertiana) +DQQDQGRWKHUVDQGRFFXUULQJ
LQ:DVKLQJWRQ2UHJRQ,GDKR0RQWDQD&DOLIRUQLD1HYDGD
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8WDK:\RPLQJ6RXWK'DNRWD&RORUDGR1HZ0H[LFRDQG
$UL]RQDÀJ7KLVGRFXPHQWLVQRWDQH[KDXVWLYHUHYLHZ
UDWKHUZHSUHVHQWVWXGLHVUHSUHVHQWDWLYHRIWKHDYDLODEOHOLW
erature on fuel reduction effects. We include some wildland
ÀUHRUFRPPHUFLDOORJJLQJVWXGLHV:KHUHGDWDDUHOLPLWHG
IRURXUVXEMHFWZHDOVRSUHVHQWDQGGLVFXVVUHVHDUFKUHVXOWV
IURPRWKHUDUHDVRUIRURWKHUIRUHVWW\SHVEXWWKHVHGDWDPD\
RUPD\QRWDSSO\WRGU\FRQLIHURXVIRUHVWVLQWKH:HVW
Fuel Reduction Planning
 'HWHUPLQDWLRQRIDIXHOUHGXFWLRQVWUDWHJ\GHSHQGVRQPDQ\
IDFWRUVLQFOXGLQJGHÀQLQJWKHGHVLUHGIXWXUHFRQGLWLRQVRIWKH
SRVWWUHDWPHQWVWDQGFKDUDFWHULVWLFVZKLOHUHFRJQL]LQJVRFLDO
values and commitments and considering existing and future
ecological conditions (Peterson and others 2005; Wissmar
DQG%HVFKWD8QGHUWKH'DWD4XDOLW\$FW20%
IXHOSODQQHUVDUHUHTXLUHGWRXVHWKHEHVWDYDLODEOHGDWDWR
VHWREMHFWLYHVIRUIXHOUHGXFWLRQSURMHFWVHYDOXDWHSRWHQWLDO
FRQVHTXHQFHV DQG GHWHUPLQH DOWHUQDWLYHV +RZHYHU WKH
amount and kind of background information available for
most treatments and access to that information is often a
OLPLWDWLRQ WR WKLV SURFHVV1HZ WRROV DUH EHLQJ GHYHORSHG
WRDVVLVWPDQDJHUVLQHYDOXDWLQJWKHVRFLDOHFRQRPLFDQG
ecological consequences of different fuel treatments (see Web
VLWHKWWSIRUHVWPRVFRZIVOZVXHGXIXHOV
 7KHVSDWLDODQGWHPSRUDOVFDOHRILQGLYLGXDOWUHDWPHQWVDQG
WUHDWPHQWUHJLPHVLQDVWDQGRURQDODQGVFDSHDUHFULWLFDOWR
XQGHUVWDQGLQJWKHSRWHQWLDOLQÁXHQFHVRIIXHOUHGXFWLRQHI
IHFWVRQZLOGOLIH,QPRVWFLUFXPVWDQFHVPDLQWDLQLQJKDELWDW
KHWHURJHQHLW\FRQVHUYHVELRGLYHUVLW\$XJXVW/DVVDX
DQG+RFKXOL/DVVDXDQGRWKHUV7KHUHIRUHIXHO
VSHFLDOLVWVPD\ZDQWWRZRUNGLUHFWO\ZLWKELRORJLVWVWRSODQ
WUHDWPHQWVVXFKWKDWRYHU\HDUVDQGGHFDGHVDPRVDLFRIIRUHVW
structures and conditions which mimic natural disturbance
SDWWHUQVDUHFUHDWHGZKLFKPLJKWEHPRUHOLNHO\WRVXSSRUW
JUHDWHU VSHFLHV GLYHUVLW\ WKDQ ODUJH KRPRJHQHRXV VWDQGV
JLYHQ WKH VDPH WUHDWPHQW $OOHQ DQG RWKHUV 0RUULV
0XWFK1LWVFKNH3RWWHUDQG.HVVHOO
7UHDWLQJIXHOVLQKDELWDWSDWFKHVDGMDFHQWWRXQWUHDWHGSDWFKHV
WKDWDUHRFFXSLHGE\DJLYHQVSHFLHVPD\LQFUHDVHWKHUDWHRI
FRORQL]DWLRQDQGUHFRYHU\DVFRPSDUHGWRUHVWRULQJDUHDVDW
UDQGRP+X[HODQG+DVWLQJV/DUJHVFDOHSUHVFULEHG
ÀUHVDQGWKLQQLQJDUHVWLOOH[SHULPHQWDOWRROVLQHFRORJLFDO
UHVWRUDWLRQER[DQGXQDQWLFLSDWHGHIIHFWVRQELRGLYHUVLW\
ZLOGOLIHDQGLQYHUWHEUDWHSRSXODWLRQVDQGHFRV\VWHPIXQF
WLRQPD\\HWEHGLVFRYHUHG$OOHQDQGRWKHUV&DUH\
and Schumann 2003).
 2QZKLFKVSHFLHVVKRXOGPDQDJHUVIRFXV"0RVWIXHOSODQV
ZLOOIRFXVHIIHFWVDVVHVVPHQWVRQVSHFLHVOLVWHGE\WKH86
)LVKDQG:LOGOLIH6HUYLFHRULQGLYLGXDOVWDWHVDVWKUHDWHQHG
HQGDQJHUHGRURIFRQVHUYDWLRQFRQFHUQDQGVSHFLHVUDQNHG
XQGHU WKH1DWXUDO+HULWDJH 3URJUDP V\VWHP %LRGLYHUVLW\
1HWZRUN HOHPHQW UDQNLQJ V\VWHP 0DVWHU  ,I WKHUH
LVFRQYLQFLQJHYLGHQFHWKDWDOLVWHGRUSURSRVHGVSHFLHVRU
LWVFULWLFDOKDELWDWFRXOGEHDGYHUVHO\DIIHFWHGE\DSURMHFW
What is ecological restoration?
 “Ecological restoration is an intentional activity that
LQLWLDWHVRUDFFHOHUDWHVHFRV\VWHPUHFRYHU\ZLWKUHVSHFWWRLWV
KHDOWKIXQFWLRQDOSURFHVVHVLQWHJULW\VSHFLHVFRPSRVLWLRQ
DQGFRPPXQLW\VWUXFWXUHDQGVXVWDLQDELOLW\UHVLVWDQFHWR
GLVWXUEDQFHDQGUHVLOLHQFH5HVWRUDWLRQDWWHPSWVWRUHWXUQ
DQHFRV\VWHPWRLWVKLVWRULFWUDMHFWRU\LHWRDVWDWHWKDW
UHVHPEOHVDNQRZQSULRUVWDWHRUWRDQRWKHUVWDWHWKDWFRXOG
EHH[SHFWHGWRGHYHORSQDWXUDOO\ZLWKLQWKHERXQGVRIWKH
KLVWRULFWUDMHFWRU\DOVRFDOOHG¶QDWXUDOUDQJHRIYDULDELOLW\·
The restored ecosystem may not necessarily recover its former
VWDWHVLQFHFRQWHPSRUDU\FRQVWUDLQWVDQGFRQGLWLRQVFDQFDXVH
LWWRGHYHORSDORQJDQDOWHUHGWUDMHFWRU\µ
—Adapted from Clewell and others (2005). Ecological 
Restoration Society International: Guidelines for developing 
and managing ecological restoration projects, 2nd edition.
D ELRORJLFDO DVVHVVPHQW LV XVXDOO\ FRPSOHWHG WR SURYLGH
VXSSRUWLQJGRFXPHQWDWLRQGXULQJIRUPDOFRQVXOWDWLRQZLWK
UHVRXUFHDJHQFLHV,IDOLVWHGVSHFLHVLVQRWOLNHO\WREHDG
YHUVHO\DIIHFWHGE\DSURMHFWDELRORJLFDOHYDOXDWLRQFDQEH
used as a basis of information during informal consultation.
&RQVXOWDWLRQFXOPLQDWHVDELRORJLFDORSLQLRQWKDWGHWHUPLQHV
ZKHWKHUDQDFWLRQLVOLNHO\WRMHRSDUGL]HDOLVWHGVSHFLHV1HZ
IHGHUDOSROLFLHV VXFKDV WKH1)0$1DWLRQDO)RUHVW
3ODQQLQJ5HJXODWLRQVDQGWKH+)5$HQDEOHPDQDJ
ers to avoid lengthy assessments if management actions are
FRQVLGHUHG WRQRWDGYHUVHO\DIIHFW IHGHUDOO\ OLVWHGVSHFLHV
1DWLRQDO)RUHVWVDUH´WRSURYLGHDIUDPHZRUNWRFRQWULEXWH
WRVXVWDLQLQJQDWLYHHFRORJLFDOV\VWHPVE\SURYLGLQJHFRORJL
FDOFRQGLWLRQVWRVXSSRUWGLYHUVLW\RIQDWLYHSODQWDQGDQLPDO
VSHFLHVLQWKHSODQDUHDµ86'$
 $SUREOHPZLWKPDQ\DVVHVVPHQWVRISRWHQWLDOWUHDWPHQW
HIIHFWVRQIDXQDLVWKDWLQIRUPDWLRQRQKRZDQLPDOVUHVSRQG
WRIXHOUHGXFWLRQLVJHQHUDOO\ODFNLQJ)XUWKHUPRUHVRPHRI
WKHDYDLODEOHLQIRUPDWLRQRQWUHDWPHQWHIIHFWVRQVSHFLHVLV
DPELJXRXVRZLQJWRWKHGLIÀFXOW\LQVHWWLQJXSYDOLGÀHOG
H[SHULPHQWVDQGWKHQDWXUDOYDULDELOLW\WKDWH[LVWVLQDQLPDO
SRSXODWLRQV9DULDELOLW\DPRQJVLWHVDQGSDVWPDQDJHPHQW
KLVWRU\DOVRLQÁXHQFHHIIHFWVRIWUHDWPHQWV8QIRUWXQDWHO\
PDQ\RIWKHVWXGLHVRISUHVFULEHGÀUHKDYHEHHQSODJXHGE\
PHWKRGRORJLFDOSUREOHPVDQGWKXVKDYHJLYHQIHZLQVLJKWV
LQWRWKHHIIHFWVRQZLOGOLIH)LQFKDQGRWKHUV0DQWJHP
DQGRWKHUV5XVVHOODQGRWKHUV:KHQLQIRUPDWLRQ
LVXQDYDLODEOHRUDPELJXRXVLWFDQEHGLIÀFXOWWRNQRZKRZ
WRSURFHHGZLWKDSODQQHGWUHDWPHQW7KH:LOGOLIH+DELWDW
5HVSRQVH0RGHOZKLFKXVHVVSHFLHVKDELWDWUHODWLRQVKLSVWR
SUHGLFWHIIHFWVRIIXHOUHGXFWLRQRQZLOGOLIHKDELWDWVLVDWRRO
WKDWPD\DLGLQWKLVHYDOXDWLRQSURFHVV3LOOLRGDQGRWKHUV
LQSUHVV
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Thinning
 7KHREMHFWLYHRIWKLQQLQJLQIXHOUHGXFWLRQWUHDWPHQWVLV
XVXDOO\WRSUHYHQWRUVORZWKHVSUHDGRIFURZQÀUHE\UHGXF
LQJVXUIDFHDQGODGGHUIXHOVUDLVLQJFURZQEDVHKHLJKWDQG
EUHDNLQJFDQRS\FRQWLQXLW\*UDKDPDQGRWKHUV3ROOHW
DQG2PL7KHUHLVFRQVLGHUDEOHYDULDWLRQLQWKLQQLQJ
WHFKQLTXHVLQFOXGLQJWKHQXPEHUDQGVL]HRIWUHHVUHPRYHG
DPRXQWDQGVL]HVRIVQDJVDQGGRZQZRRGUHWDLQHGVL]HDQG
GLVWULEXWLRQRIXQWKLQQHGSDWFKHVZLWKLQWKHVWDQGWKLQQLQJ
WHFKQLTXHPHFKDQLFDORUKDQGDQGWUHDWPHQWRIVODVKORS
DQGVFDWWHUSLOHDQGEXUQFKLSRUEURDGFDVWEXUQ3HWHUVRQ
DQGRWKHUV7KHJHQHUDOGHÀQLWLRQRIWKLQQLQJLQWKLV
synthesis is a reduction in the density of understory trees
through the removal of selected trees and shrubs. We rarely
UHIHU WR WKH VSHFLÀF WKLQQLQJ SUHVFULSWLRQ LQ GLVFXVVLQJ
WKLQQLQJHIIHFWV)RUWKHPRVWSDUWWKLVSDSHUGRHVQRWDG
GUHVVSUHFRPPHUFLDOWKLQQLQJLQWKHPRUHWUDGLWLRQDOVHQVH
of a silvicultural treatment done to reduce stand density of
\RXQJHYHQDJHGWUHHVWRLPSURYHJURZWKRIUHVLGXDOWUHHV
for later harvest.
 7KLQQLQJPD\EHPRUH DSSURSULDWH WKDQSUHVFULEHGÀUH
ZKHUHXQGHUVWRU\WUHHVDUHVRODUJHRUGHQVHWKDWDWWHPSWV
WRNLOOWKHPZLWKÀUHZRXOGUXQDKLJKULVNRIDOVRNLOOLQJ
RYHUVWRU\ WUHHV %URZQ2QH DGYDQWDJHRI WKLQQLQJ
RYHUÀUH LV WKDWDFKDLQVDZRUKDUYHVWHUFDQSURYLGHPRUH
FRQWURORYHUZKLFKWUHHVDUHDFWXDOO\NLOOHG,QDGGLWLRQGRZQ
ZRRGDQGVWDQGLQJGHDGWUHHVKHUHDIWHUVQDJVZKLFKDUH
LPSRUWDQWZLOGOLIHKDELWDWFDQPRUHDVVXUHGO\EHUHWDLQHG
ZLWK WKLQQLQJ WKDQZLWKÀUH+RZHYHU WRDFFRPSOLVK IXHO
WUHDWPHQWREMHFWLYHVLWLVOLNHO\WKHUHZLOOEHVRPHUHGXFWLRQ
LQVQDJVDQGGRZQZRRGLQPRVWRSHUDWLRQV
Figure 1—Forest cover types of the western United States. National Atlas of the United States, March 5, 2003, 
http://nationalatlas.gov
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Figure 2²$QH[DPSOHRIDSUHVFULEHG¿UHWKDWUHVXOWHGLQWKH
retention of down wood providing cover for small mammals and 
IRUDJLQJVXEVWUDWHVIRUEODFNEHDUVDQGSLOHDWHGZRRGSHFNHUV
WRS$QH[DPSOHRIDSUHVFULEHG¿UHWKDWUHVXOWHGLQDORVVRI
DOOGRZQZRRGERWWRP3KRWRVE\(YHO\Q%XOO
Prescribed Fire
 7KHREMHFWLYHRISUHVFULEHGÀUHLQIXHOUHGXFWLRQWUHDWPHQWV
is to reduce surface and ladder fuels by eliminating live and
GHDGXQGHUVWRU\YHJHWDWLRQLQFOXGLQJGRZQZRRG*UDKDP
DQGRWKHUV,QWKLVV\QWKHVLVUHIHUHQFHWRSUHVFULEHG
ÀUHLVHLWKHUEURDGFDVWEXUQLQJRIDFWLYLW\IXHOVVODVKDIWHU
WKLQQLQJRUXQGHUVWRU\EXUQLQJZLWKRXWWKLQQLQJ9DULDWLRQ
LQWKHVHYHULW\RIWKHEXUQLQÁXHQFHVUHVLGXDOVWDQGFKDUDF
WHULVWLFV LQFOXGLQJ WKH VSDWLDOGLVWULEXWLRQDQGDYDLODELOLW\
RIOLWWHUGRZQZRRGVQDJVDQGYHJHWDWLRQ-DLQDQGRWKHUV
ÀJ,QPRVWFDVHVSUHVFULEHGÀUHUHVXOWVLQLQFUHDVHG
VWUXFWXUDO FRPSOH[LW\ DQG KDELWDW KHWHURJHQHLW\+RZHYHU
PXOWLSOHHQWULHVZLWKSUHVFULEHGÀUHUHSHDWHGEXUQLQJZKLFK
is often the only way to reduce fuels effectively without thin
QLQJPD\UHGXFHWKHVWUXFWXUDOFRPSOH[LW\RIIRUHVWVRYHU
WLPH/DUJHSUHVFULEHGÀUHVJUHDWHUWKDQKDFRXOGDOVR
SRWHQWLDOO\KRPRJHQL]HWKHODQGVFDSHIRUVRPHVSHFLHVDQG
GHFUHDVHRYHUDOOZLOGOLIHKDELWDW%URZQDQGRWKHUV
 7KHVHDVRQZKHQSUHVFULEHGÀUHVDUHFRQGXFWHGKDVLPSRU
WDQW FRQVHTXHQFHV IRUZLOGOLIHDQG LQYHUWHEUDWHV .LQJDQG
RWKHUV:KHUHDVVSULQJEXUQVPD\UHPRYHJUDVVHVDQG
VKUXEVWKDWSURYLGHFULWLFDOIRUDJHDQGFRYHUIRUVPDOOPDP
PDOVELUGVXQJXODWHVDQGLQYHUWHEUDWHVODWHVXPPHUDQGIDOO
EXUQVUHPRYHVHQHVFHQWSODQWELRPDVVDQGXVXDOO\VWLPXODWH
JURZWKRIJUDVVDQGVKUXEVWKHIROORZLQJVSULQJ0XVKLQVN\
DQG*LEVRQ3RWWHUDQG.HVVHOO6RPHVSULQJEXUQV
DUHFRQGXFWHGSULRUWRJUHHQXSDQGPDQ\JUDVVHVIRUEVDQG
VRPHVKUXEVZLOOVSURXWRUUHVSURXWZLWKLQDIHZZHHNVRID
VSULQJÀUH)DOOÀUHVWHQGWREXUQKRWWHUDQGFRQVXPHPRUH
of the down wood and snags. Stands generally have a range
RIWUHHVL]HVDQGLWLVWKHVPDOOHUGLDPHWHUWUHHVWKDWZLOOPRVW
OLNHO\EHNLOOHGE\SUHVFULEHGÀUH7KHVHGHDGWUHHVPD\SURYLGH
WHPSRUDU\IRUDJLQJKDELWDWIRUVRPHVSHFLHVVXFKDVEDUNDQG
ZRRGERULQJEHHWOHVDQGZRRGSHFNHUVWKDWIHHGRQWKHPEXW
WKHVHWUHHVDUHXVXDOO\WRRVPDOOIRUQHVWFDYLWLHV0RUWDOLW\
RIOLYHWUHHVWHQGVWREHOHVVZLWKVSULQJEXUQVWKDQZLWKIDOO
EXUQVRZLQJWRKLJKHUPRLVWXUHFRQWHQWLQVSULQJ&RQVXPS
WLRQRIODUJHORJVE\ÀUHLVUHJXODWHGE\IXHOPRLVWXUHZKLFK
LVRIWHQKLJKHULQVSULQJDQGPD\PLQLPL]HWKHORVVRIWKHVH
LPSRUWDQWKDELWDWHOHPHQWVFRPSDUHGWRIDOOEXUQV
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Wildlife and Invertebrate Responses
to Fuel Reduction _______________
Life History Considerations
 7KHSRWHQWLDOHIIHFWVRIIXHOUHGXFWLRQRQDVSHFLHVVKRXOG
EHFRQVLGHUHGZLWKLQWKHFRQWH[WRIVSHFLHVGLVWULEXWLRQDQG
DEXQGDQFHPLJUDWRU\DQGGLVSHUVDOFKDUDFWHULVWLFVKDELWDW
DVVRFLDWLRQVDQGSRWHQWLDOUHVSRQVHVWRFKDQJHVLQKDELWDW,I
DVSHFLHVLVEURDGO\GLVWULEXWHGUHJLRQDOO\WKHQORFDOHIIHFWV
LQDSURMHFWDUHDPD\EHUHODWLYHO\LQFRQVHTXHQWLDOWRSRSXOD
WLRQYLDELOLW\GHSHQGLQJRQDVSHFLHV·DELOLW\WRUHFRORQL]H
IURPVXUURXQGLQJDUHDV+RZHYHUDVSHFLHVZLWKDOLPLWHG
GLVWULEXWLRQZDUUDQWVVSHFLDOFRQVLGHUDWLRQ)RUH[DPSOHDQ
HQWLUHSRSXODWLRQRIDUDUHVSHFLHVPD\EHFRQWDLQHGZLWKLQ
D VWDQG EHLQJ WUHDWHG DQG SURWHFWLRQ IRU VSHFLÀF KDELWDW
FRPSRQHQWVRUFUHDWLRQRIUHIXJLDPD\EHQHHGHG7KHKDEL
WDWQHHGVRIDVSHFLHVLQFOXGHFKDUDFWHULVWLFVLPSRUWDQWIRU
EUHHGLQJSURGXFLQJDQGUHDULQJRI\RXQJIHHGLQJUHIXJH
IURPSUHGDWRUVDQGSURWHFWLRQIURPDGYHUVHHQYLURQPHQWDO
FRQGLWLRQV7KHKDELWDWUHTXLUHPHQWVRIVRPHVSHFLHVPD\
EHFRQWDLQHGZLWKLQWKHSURMHFWDUHDEXWRWKHUVSHFLHVPD\
XVHWKHSURMHFWDUHDIRURQO\SDUWRIWKH\HDURUSDUWRIWKHLU
OLIHF\FOH$VSHFLHV·UHVSRQVHWRKDELWDWFKDQJHVIURPIXHO
UHGXFWLRQGHSHQGVRQZKDWKDELWDWHOHPHQWVDUHQHHGHGIRU
LWVVXUYLYDODQGUHSURGXFWLRQDQGKRZWKHVHKDELWDWHOHPHQWV
are affected by fuel reduction (George and Zack 2001).
General Patterns
 2XUNQRZOHGJHRIWKHHIIHFWVRIGLIIHUHQWIXHOUHGXFWLRQ
WHFKQLTXHVRQPRVWZLOGOLIHDQGLQYHUWHEUDWHVSHFLHVLVOLP
LWHG6RPHXVHIXOLQIRUPDWLRQFDQEHDSSOLHGIURPZLOGÀUH
research and much of this information has been summarized
)LVKHUDQG:LONLQVRQ.UDPSDQGRWKHUV/\RQ
DQGRWKHUV3LOOLRGDQGRWKHUV6DDEDQG3RZHOO
6PLWK7ZRRQJRLQJEURDGVFDOHUHVHDUFKVWXGLHV
ZLOOSURYLGHLQIRUPDWLRQRQZLOGOLIHDQGLQYHUWHEUDWHHIIHFWV
of fuel reduction in the future. The Fire and Fire Surrogate
))6SURMHFWLVDORQJWHUPVWXG\GHVLJQHGWRXQGHUVWDQGWKH
effects of alternative methods for fuel reduction and forest
restoration at 13 study sites across the United States (www.
IVIHGXVIIV7KH%LUGVDQG%XUQV1HWZRUNLVLQYHVWLJDWLQJ
WKHHFRORJLFDOFRQVHTXHQFHVRIÀUHPDQDJHPHQWRQZLOGOLIH
SRSXODWLRQV ZLWK DQ HPSKDVLV RQ FDYLW\QHVWLQJ ELUGV LQ
SRQGHURVDSLQHIRUHVWVLQHLJKWVWDWHVDFURVVWKHLQWHULRU:HVW
ZZZUPUVQDXHGXODEELUGVQEXUQV
Direct Mortality
 2YHUDOO GLUHFW PRUWDOLW\ RI ZLOGOLIH RZLQJ WR FUXVKLQJ
IURP KHDY\ HTXLSPHQW LQFLQHUDWLRQ RU DVSK\[LDWLRQ GXU
LQJIXHOUHGXFWLRQLVFRQVLGHUHGWREHORZ)RONDQG%DOHV
EXWWKLVLVPRVWO\EDVHGRQDQHFGRWDOLQIRUPDWLRQ,W
LVEHOLHYHGWKDWPRVWVSHFLHVDUHDEOHWRÀQGUHIXJHPLFUR
VLWHVIRUH[DPSOHLQVLGHEXUURZVRUXQGHUVXUIDFHREMHFWV
RUPRYHDZD\IURPDSSURDFKLQJHTXLSPHQWKHDWRUVPRNH
.RPDUHN+RZHYHUVSULQJVHDVRQSUHVFULEHGÀUHDQG
thinning during the breeding season may result in mortality
RIJURXQGDQGVKUXEQHVWLQJELUGQHVWOLQJVDQGVSHFLHVOLYLQJ
ZLWKLQOLWWHUVXFKDVVPDOOPDPPDOVUHSWLOHVDPSKLELDQV
DQGLQYHUWHEUDWHV$OWKRXJKÀUHVDUHPRUHOLNHO\WRNLOOVORZ
PRYLQJDQLPDOVIRUH[DPSOH WRUWRLVHV WKDWDUHXQDEOHWR
ÀQGUHIXJLDTXLFNO\(VTXHDQGRWKHUV)RONDQG%DOHV
 RU DQLPDOV WKDW DUH SK\VLRORJLFDOO\ FRPSURPLVHG
0HDQVDQG&DPSEHOOHYHQPRELOHVSHFLHVOLNHELUGV
DQGODUJHPDPPDOVDUHRFFDVLRQDOO\NLOOHGLQÀUHV+RUWRQ
0RUWDOLW\PD\EHSDUWLFXODUO\KLJKIRUPDQ\LQYHUWH
EUDWHV.RPDUHN7KHUHIRUHLWVKRXOGEHUHFRJQL]HG
WKDW D SODQQHG EXUQZLOO OLNHO\ NLOO VRPH LQGLYLGXDOV DQG
WKDWPRUWDOLW\FDQEHVLJQLÀFDQWIRUVRPHSRSXODWLRQV)RU
H[DPSOHDIWHUDURDGVLGHEXUQLQ)ORULGDSHUFHQWRI
RIHDVWHUQJODVVOL]DUGVOphisaurus ventralis) found in
DP WUDQVHFWZHUHGHDG %DEELWW DQG%DEELWW  DQG
LQ$XVWUDOLDSHUFHQWRIPDUNHGOL]DUGVZHUHNLOOHGLQD
ODWHVHDVRQEXUQ*ULIÀWKVDQG&KULVWLDQ
Habitat Alterations
 ,QJHQHUDOLIDQDQLPDOLVQRWNLOOHGGXULQJDIXHOWUHDWPHQW
LW ZLOO XQGRXEWHGO\ UHVSRQG WR FKDQJHV LQ HQYLURQPHQWDO
DQGKDELWDWFRQGLWLRQV$QLPDOUHVSRQVHVWRHQYLURQPHQWDO
FKDQJHRIWHQYDU\DQGGHSHQGXSRQFKDUDFWHULVWLFVRIERWK
the animal and the disturbance (or in this case treatment).
7KHUHIRUH LW LV GLIÀFXOW WR JHQHUDOL]H DERXW WKH SRWHQWLDO
HIIHFWV RI IXHO UHGXFWLRQ RQ LQGLYLGXDO VSHFLHVPXFK OHVV
JURXSVRIVSHFLHVIRUH[DPSOHVPDOOPDPPDOVRULQYHUWHEUDWH
SUHGDWRUV+RZHYHULWLVUHODWLYHO\VDIHWRDVVXPHWKDWWKH
ZLOGOLIHDQGLQYHUWHEUDWHVSHFLHVPRVWOLNHO\WREHQHJDWLYHO\
DIIHFWHGE\IXHOUHGXFWLRQWUHDWPHQWVDUHWKRVHGHSHQGLQJRQ
the structural features of the fuels being removed (table 1).
:LOGOLIHDQGLQYHUWHEUDWHVSHFLHVWKDWGHSHQGRQGRZQZRRG
VQDJVGZDUIPLVWOHWRHArceuthobium VSSEURRPV dense
IRUHVWVZLWKDEXQGDQWVDSOLQJVDQGVPDOOSROHVDQGFORVHG
FDQRS\IRUHVWV IRU VXUYLYDO DQG UHSURGXFWLRQ DUH OLNHO\ WR
be detrimentally affected by fuel treatments that alter these
KDELWDW HOHPHQWV ,Q FRQWUDVW VSHFLHV WKDW DUH DVVRFLDWHG
ZLWKIDLUO\RSHQFDQRSLHVDQGRSHQIRUHVWÁRRUPD\EHQHÀW
IURPIXHOWUHDWPHQWV$QRWKHUFRQVLGHUDWLRQLVWKDWVSHFLHV
UHVSRQVHVPD\YDU\RYHUWLPH)RUH[DPSOHDVPDOOPDPPDO
VSHFLHVWKDWQHHGVKLJKVKUXEFRYHUWRDYRLGSUHGDWRUVPD\GR
SRRUO\IRUWKHÀUVWIHZ\HDUVSRVWWUHDWPHQWEXWWKHQH[FHHG
SUHWUHDWPHQWSRSXODWLRQOHYHOVZKHQVKUXEVUHFRYHUDQGIRRG
UHVRXUFHVDUHKLJKIURPLQFUHDVHGOLJKWKHUEDFHRXVJURZWK
DQGVHHGSURGXFWLRQ,QDGGLWLRQDQDOWHUHGYHUWLFDOVWUXFWXUH
and decreased tree density may be confounded by second
DU\HIIHFWVVXFKDVFKDQJHVLQUDWHVRISUHGDWLRQSDUDVLWLVP
RULQWHUVSHFLÀFFRPSHWLWLRQZKLFKIXUWKHUFRPSOLFDWHVRXU
DELOLWLHVWRSUHGLFWRYHUDOOUHVWRUDWLRQHIIHFWVRQVSHFLHVGLV
WULEXWLRQDQGDEXQGDQFH&KDPEHUVDQG*HUPDLQH
 6RPHZLOGOLIHVSHFLHVUHVSRQGPRUHWRYHJHWDWLRQVWUXF
WXUHWKDQWRFRPSRVLWLRQ*HRUJHDQG=DFNDQGWKH
immediate effect of fuel reduction will be a change in the
VWUXFWXUHRIYHJHWDWLRQ)RUH[DPSOHWKHUHPRYDORIVKUXEV
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Table 1²6WUXFWXUDOIHDWXUHVRIZLOGOLIHDQGLQYHUWHEUDWHKDELWDWVDOWHUHGE\IXHOUHGXFWLRQWUHDWPHQWV
Treatment
Habitat Element Thinning Prescribed Fire
7UHHV  'HFUHDVHGGHQVLW\EXWQXPEHUDQGVL]HVRI
trees removed depends on method
  *HQHUDOO\VPDOOWUHHVUHPRYHGODGGHUIXHOV
DQGVRPHUHGXFWLRQLQFDQRS\FRQWLQXLW\
• Increased canopy base height
  5HGXFHGOLYLQJWUHHVZLWKGHFD\
  5HGXFHGWUHHVZLWKGZDUIPLVWOHWRHEURRPV
6KUXEV  5HPRYDORIODUJHVKUXEVODGGHUIXHOV
  7UDPSOLQJRIVPDOOVKUXEV
• Regrowth within 1-10 years
)RUEVDQG*UDVVHV  0LQLPDOGLVWXUEDQFHH[FHSWZKHUHWUDPSOLQJ
VNLGGLQJRUSLOHEXUQLQJ
• Regrowth within 1-2 growing seasons
• Potential for invasive plants
/LWWHUDQG'XII  *HQHUDOO\PLQLPDOGLVWXUEDQFH
• Possible increase with mastication
6RLO  3RVVLEOHJURXQGFRPSDFWLRQ
6QDJV  1XPEHUDQGVL]HVUHPRYHGGHSHQGVRQWUHDW-
ment
  5HPRYDORIODUJHUVQDJVFRXOGWDNHGHFDGHV
to recover
'RZQ:RRG  $PRXQWDQGVL]HFODVVHVUHPRYHGGHSHQGVRQ
treatment
  6PDOOGLDPHWHUFRXOGLQFUHDVHZLWKORSDQG
scatter
  5HPRYDORIODUJHGLDPHWHUGRZQZRRGFRXOG
WDNHGHFDGHVWRUHFRYHU
• Mortality of small diameter trees
  'HFUHDVHGGHQVLW\EXWKLJKO\YDULDEOHGXH
WRYDULDELOLW\LQIXHOV
• Increased canopy base height
  5HGXFHGFDQRS\EXONGHQVLW\
  5HGXFHGKDUGZRRGVDQGDVSHQV
  5HGXFHGOLYLQJWUHHVZLWKGHFD\
  5HGXFHGWUHHVZLWKGZDUIPLVWOHWRHEURRPV
  6PDOOPRUWDLOLW\LQSDWFKHVEXWPRVWO\ORVV
RIDERYHJURXQGELRPDVV
• Regrowth within 1-10 years
• Minimal mortality, mostly loss of above-
JURXQGELRPDVV
• Regrowth within 1-2 growing seasons
• Potential for invasive plants
  3RVVLEOHHOLPLQDWLRQLQSODFHVEXWKLJKO\
variable
  &KDUULQJPD\DOWHUQXWULHQWFRQWHQWZDWHU
holding capacity, and other properties
• Variable heating to soils
• Possible erosion on steeper slopes
  9DULDEOHEXWJHQHUDOO\ODUJHUVQDJVDUHQRW
FRQVXPHG
• Many small-diameter snags created, most of 
ZKLFKDUHWRRVPDOOIRUPRVWZLOGOLIHWRXVH
• Charring of snags may alter wildlife and 
LQYHUWHEUDWHXVH
  /RVVRIODUJHUVQDJVFRXOGWDNHGHFDGHVWR
recover
  5HGXFHGDPRXQWEXWYDULDEOHGXHWR¿UHLQ-
WHQVLW\VL]HDQGGHFD\VWDWHRIGRZQZRRG
DQGPRLVWXUHFRQWHQW
• Charring of down wood may alter wildlife 
DQGLQYHUWHEUDWHXVH
  /RVVRIODUJHGLDPHWHUGRZQZRRGFRXOG
WDNHGHFDGHVWRUHFRYHU
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and small trees increases the height to the crown base and
HOLPLQDWHVRQHRUPRUHOHYHOVRIYHJHWDWLRQVWUXFWXUH2YHU
ORQJHU WLPHVFDOHV UHSHDWHG WKLQQLQJ RU SUHVFULEHG ÀUH RU
ERWK FDQ FKDQJH WKH YHJHWDWLRQ FRPSRVLWLRQ SDUWLFXODUO\
RIVKUXEDQGIRUEVSHFLHV7KLVFKDQJHLVXVXDOO\WKHUHVXOW
RILQFUHDVHGOLJKWUHDFKLQJWKHIRUHVWÁRRUDQGWKXVDOWHULQJ
JURZLQJFRQGLWLRQVIRUXQGHUVWRU\VSHFLHV+D\HVDQGRWKHUV
8QGHUVWRU\YHJHWDWLRQFDQDOVREHLQKLELWHGE\QRQ
QDWLYHSODQWVWKDWFRORQL]HUHFHQWO\GLVWXUEHGDUHDVVXFKDV
PLJKWRFFXUDIWHUIXHOWUHDWPHQWV%URZQDQG6PLWK
Parks and others 2005). Grazing by both domestic and wild
XQJXODWHVFDQDOVRLQÁXHQFHXQGHUVWRU\SODQWUHVSRQVHVWR
IXHOWUHDWPHQWV'ZLUHDQGRWKHUV+XIIPDQDQG0RRUH
3URWHFWLQJXQGHUVWRU\YHJHWDWLRQIURPRYHUJUD]
LQJE\GRPHVWLFDQLPDOVIRUH[DPSOHFRZVDQGVKHHSPD\
EHLPSRUWDQWIRUWKHÀUVWRQHWRWZR\HDUVSRVWWUHDWPHQWWR
allow full recovery of herbaceous biodiversity and biomass
$OOHQDQGRWKHUV%HOVN\DQG%OXPHQWKDO
 ,PSOHPHQWDWLRQ RI DQ\ WKLQQLQJ RU SUHVFULEHG EXUQLQJ
LV OLNHO\WRUHVXOW LQ ORVVRIVQDJVIXWXUHVQDJVDQGGRZQ
ZRRGWKDWDUHLPSRUWDQWVWDQGDWWULEXWHVRIKHDOWK\IRUHVWV
DQGFULWLFDOFRPSRQHQWVRIZLOGOLIHDQGLQYHUWHEUDWHKDELWDW
ÀJ7KHUHWHQWLRQDQGSURWHFWLRQRIVQDJVGXULQJWUHDWPHQWV
could minimize the effects of fuel reduction treatments on
FDYLW\GHSHQGHQWZLOGOLIHDQGUHWDLQLQJVRPHGRZQZRRG
LQWUHDWHGVWDQGVFRXOGPLQLPL]HQHJDWLYHHIIHFWVRQVSHFLHV
WKDWGHSHQGKHDYLO\RQWKLVKDELWDWVWUXFWXUH/RVVRIODUJH
diameter snags and down wood can take years to decades
WRUHFRYHUDVLQGLFDWHGE\ZLOGODQGÀUHUHVHDUFK3DVVRYR\
DQG)XOH7KH+HDOWK\)RUHVW5HVWRUDWLRQ$FW
GLUHFWV´WRPD[LPL]HWKHUHWHQWLRQRIODUJHWUHHVµDOWKRXJK
it is unclear if this includes both live and dead trees.
Figure 3²6QDJ SUHYLRXVO\ XVHG DV D QHVWURRVW IRU SLOHDWHG ZRRGSHFNHUV LQDGYHUWHQWO\ EXUQHG GXULQJ
SUHVFULEHG¿UH3KRWRE\(YHO\Q%XOO
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Species Implications—
Mammals ______________________
Forest Carnivores
 )RUHVWFDUQLYRUHVDUHJHQHUDOO\UDUHRQWKHODQGVFDSHDQG
WKHUHDUHVXEVWDQWLDOJDSVLQGDWDRQWKHUHVSRQVHRIWKHVH
VSHFLHVWRÀUHDQGWUHHKDUYHVW)LVKHUDQG:LONLQVRQ
%HFDXVHPRVWIRUHVWFDUQLYRUHVKDYHUHODWLYHO\ODUJHDFWLY
LW\DUHDVIHZVSHFLHVZLOOEHDIIHFWHGE\IXHOUHGXFWLRQDW
WKHSURMHFWRUVWDQGOHYHOEXWFRXOGEHDIIHFWHGE\ORVVRI
GHQQLQJKDELWDWDQGFKDQJHVLQSUH\SRSXODWLRQVGXHWRWKH
FXPXODWLYHHIIHFWVRISDVWPDQDJHPHQWSDVWGLVWXUEDQFHV
DQGEURDGVFDOHLPSOHPHQWDWLRQRIIXHOUHGXFWLRQSURMHFWV
7KHSULPDU\IRUHVWFDUQLYRUHVWKDWRFFXULQWKHGU\FRQLIHURXV
forests in the West are the mountain lion (Felis concolor
bobcat (Lynx rufusZROICanis lupusFR\RWHCanis la-
trans black bear (Ursus americanusJUL]]O\EHDUUrsus 
arctos horriblis ÀVKHU Martes pennanti DQG$PHULFDQ
marten (Martes americana). Wolverine (Gulo luscus) and
lynx (Lynx canadensis) may occasionally wander through
GU\ IRUHVW W\SHV EXW JHQHUDOO\ LQKDELW FRROHU FRQLIHURXV
forests at higher elevations. Although American marten are
SULPDULO\DVVRFLDWHGZLWKROGHUIRUHVWVRI(QJHOPDQQVSUXFH
(Picea engelmanniiDQGVXEDOSLQHÀUAbies lasiocarpaLQ
QRUWKHDVWHUQ2UHJRQWKH\RFFDVLRQDOO\RFFXULQGULHUVWDQGV
RIJUDQGÀUDQG ORGJHSROHSLQHZKHUH WKH\DUHDVVRFLDWHG
ZLWKKLJKGHQVLWLHVRIGRZQZRRGDQGVQDJV%XOODQGRWKHUV
2005c). In WKLVV\QWKHVLVZHUHSRUWLQGHWDLORQEODFNEHDUV
because they are common inhabitants of dry forests across
RXUIRFDODUHDDQGWKHLUGLHWDQGKDELWDWXVHPD\EHLQÁXHQFHG
by fuel reduction.
 %ODFNEHDUVXVHDUHDVZLWKDEXQGDQWGRZQZRRGDQGGHQVH
WKLFNHWV RI VKUXEV DQG VPDOOHU WUHHV DGMDFHQW WR RUZLWKLQ
PDWXUHIRUHVWV%XOODQGRWKHUVD%\YROXPHDURXQG
SHUFHQWRIEODFNEHDUGLHWFDQFRQVLVWRILQVHFWVPDLQO\
ants [CamponotusVSS LasiusVSTapinomaVSAphaeno-
gasterVSFormicaVSS@DQG\HOORZMDFNHWV>VespulaVSS
Dolichovespula VS@ REWDLQHG SULPDULO\ IURP GRZQ ORJV
%XOODQGRWKHUVE$GHFUHDVHLQGRZQZRRGZRXOG
UHVXOWLQIHZHUDQWVDQG\HOORZMDFNHWQHVWVDYDLODEOHWREODFN
EHDUV%ODFN EHDUV DUH DOVR NQRZQ WR VWULS WKH EDUN IURP
VPDOOHUWUHHVDQGIHHGRQVDSZRRG,QDZHVWHUQODUFKLarix 
occidentalisORGJHSROHSLQHDQG(QJHOPDQQVSUXFHIRUHVW
LQQRUWKZHVWHUQ0RQWDQDEODFNEHDU IHHGLQJRQ VDSZRRG
ZDVDWOHDVWÀYHWLPHVKLJKHULQWKLQQHGVWDQGVZKHUHEHDUV
mostly selected larch trees 10 to 20 cm diameter at breast
KHLJKWGEKFRPSDUHGZLWKDGMDFHQWXQWKLQQHGVWDQGV0DVRQ
DQG$GDPV,WLVXQFOHDUZK\EHDUVZHUHDWWUDFWHGWR
WKHWKLQQHGVWDQGEXWKHDOWKDQGFRQGLWLRQRIUHVLGXDOWUHHV
PD\KDYHDWWUDFWHGWKHEHDUV7UHDWHGVWDQGVPD\DOVRSURYLGH
GHSHQGDEOHIRRGVRXUFHVIRUEHDUVVXFKDVZKHQIUXLWPDVW
JUDVVDQGKHUEDFHRXVSODQWSURGXFWLRQLQFUHDVHVDIWHUSUH
VFULEHGÀUH+DPLOWRQ-RKQVRQDQG/DQGHUV
 )XHOUHGXFWLRQPD\GHFUHDVHWKHDPRXQWRIHVFDSHFRYHU
ZKLFKPD\EHWKHPRVWFULWLFDOFRPSRQHQWRIEODFNEHDUKDELWDW
+DPLOWRQ6LWHVXVHGE\EODFNEHDUVIRUWUDYHOLQJDQG
UHVWLQJW\SLFDOO\KDYHKLJKVWHPGHQVLW\DQGGHQVHFDQRS\
FORVXUHSUHVXPDEO\IRUVHFXULW\%XOODQGRWKHUVD$
UDGLRWHOHPHWU\VWXG\RIEODFNEHDUVLQWKHSRQGHURVDSLQH
DQGPL[HGFRQLIHU IRUHVWVRQ WKH0RJROORQ5LP LQQRUWK
FHQWUDO$UL]RQDIRXQGWKDWKRUL]RQWDOFRYHUZDVLPSRUWDQW
IRUIHHGLQJDQGSDUWLFXODUO\EHGGLQJVLWHVDQGWKDWRQO\
SHUFHQWRIEHGGLQJVLWHVZHUHLQDUHDVWKDWKDGEHHQVHOHF
WLYHO\ORJJHGRUWKLQQHGLQWKHSUHYLRXV\HDUV0ROORKDQ
DQGRWKHUV%HDUVXVHODUJHGLDPHWHUKROORZORJVIRU
GHQQLQJ %XOODQGRWKHUV WKDWPD\EHFRQVXPHG LQ
SUHVFULEHGÀUHVÀJRUE\WKLQQLQJRSHUDWLRQV
Figure 4²7KLQQLQJDQGSUHVFULEHG¿UHZLOOOLNHO\
LQFUHDVHWKHDPRXQWRIJUDVVHVDQGEHUULHVXVHG
E\EODFNEHDUVIRUIRUDJLQJEXWPD\GHFUHDVHWKH
DPRXQWRIKLGLQJFRYHUGHQVLWHVLQKROORZORJV
DQG GRZQ ZRRG XVHG IRU IRUDJLQJ RQ DQWV DQG
ZDVSV3KRWRFRXUWHV\RI2UHJRQ'HSDUWPHQWRI
Fish and Wildlife.
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Ungulates
 1RUWK $PHULFDQ XQJXODWHV LQFOXGLQJ GHHU Odocoileus 
VSSHONCervus canadensisPRRVHAlces alcesPRXQ
tain goats (Oreamnos americanusDQGELJKRUQVKHHSOvis 
canadensisDUHJHQHUDOO\DVVRFLDWHGZLWKDPRVDLFRIRSHQ
areas used for foraging and forested areas used for cover.
Some ungulates use dense thickets of shrubs and trees as
WKHUPDOFRYHUDQGDVFRYHUWRKLGHIURPSUHGDWRUVIRUGD\
EHGVDQGIRUIDZQLQJ$OOVSHFLHVDUHDVVRFLDWHGZLWKDUHDV
RIDEXQGDQWIRUDJHVXFKDVJUDVVHVIRUEVDQGVKUXEV7KH
SUR[LPLW\RIWKHVHWZRKDELWDWVLVLPSRUWDQW,Q'RXJODVÀU
DQGPL[HGFRQLIHUIRUHVWVLQZHVWHUQ0RQWDQDHONJHQHUDOO\
remain within 200 m of foraging areas during summer (Edge
DQGRWKHUV7KLQQLQJDORQHRUFRPELQHGZLWKSUHVFULEHG
ÀUHZLOOOLNHO\LQFUHDVHIRUDJHTXDQWLW\DQGTXDOLW\IRUHON
DQGRWKHUXQJXODWHV'HPDUDLVDQG.UDXVPDQ+XII
PDQDQG0RRUH0F&RQQHOODQG6PLWK5H\QROGV
ÀJ+RZHYHUUHWDLQLQJSDWFKHVDWOHDVWKD
RIGHQVHFRYHUJUHDWHUWKDQSHUFHQWFORVXUHRIPLGVWRU\
FDQRSLHVLVEHQHÀFLDOIRUSURYLGLQJVHFXULW\DQGHVFDSHFRYHU
for mule deer (O. hemionus) &KDPEHUVDQG*HUPDLQH
,QQRUWKHUQ$UL]RQDIXHOUHGXFWLRQUHVXOWHGLQUHGXFHGXVHRI
GD\EHGVE\PXOHGHHUIRU\HDUVSRVWWUHDWPHQW*HUPDLQH
and others 2004). Treatments occurring on the wintering
JURXQGVRIXQJXODWHVZLOOOLNHO\EHPRUHEHQHÀFLDODVZLQWHU
IRUDJHLVXVXDOO\PRUHOLPLWLQJ+REEVDQG6SRZDUW
 )RUFHQWXULHV1DWLYH$PHULFDQVDQGODQGPDQDJHUVKDYH
XVHGSUHVFULEHGÀUHWRLPSURYHKDELWDWIRUXQJXODWHVDQGLW
LVJHQHUDOO\DJUHHGWKDWSUHVFULEHGÀUHLPSURYHVWKHTXDOLW\
RI EURZVH YHJHWDWLRQ %HQW] DQG:RRGDUG  (DVWHUO\
DQG-HQNLQV5LJJVDQGRWKHUV,QDQDVSHQVWDQG
LQ,GDKRDSUHVFULEHGÀUHJUHDWO\LPSURYHGWKHDPRXQWDQG
nutritional quality of forage for elk within one to two years
DIWHUSUHVFULEHGÀUH&DQRQDQGRWKHUV7KLVÀQGLQJLV
FRQVLVWHQWZLWKGHHUDQGHONUHVSRQVHVWRUHFRYHULQJYHJHWD
WLRQDIWHUZLOGÀUH)RUH[DPSOHRQH\HDUDIWHUDZLOGÀUHLQ
,GDKRPXOHGHHUOdocoileus hemionusSUHIHUUHGWKHEXUQHG
'RXJODVÀUQLQHEDUNDQGEXUQHGSRQGHURVDSLQHEOXHEXQFK
ZKHDWJUDVVKDELWDWW\SHVFRPSDUHGWRXQEXUQHGDUHDV.HD\
DQG3HHN$OWKRXJK.HD\DQG3HHNIRXQGWKDW
ZKLWHWDLOHGGHHUOdocoileus virginianusSUHIHUUHGXQEXUQHG
IRUHVWVEHFDXVHRIWKHLUSUHIHUHQFHIRUGHQVHFRYHUZKLWHWDLOHG
GHHULQDSRQGHURVDSLQHIRUHVWLQWKH%ODFN+LOOVRI6RXWK
Dakota selected recently burned winter range (DePerno and
RWKHUVDQGWKLVSUHIHUHQFHIRUEXUQHGKDELWDWVKDVEHHQ
UHSRUWHGLQRWKHUIRUHVWW\SHVDVZHOO0DLQDQG5LFKDUGVRQ
:KLWHWDLOHGGHHUPD\EHPRUHOLNHO\WRXVHWUHDWHG
VWDQGVLISDWFKHVRIGHQVHFRYHUDUHUHWDLQHG
Figure 5²)XHOUHGXFWLRQVXVXDOO\LQFUHDVHWKHDPRXQWRIIRUDJHIRUXQJXODWHV3KRWRE\)UDQN9DQQL
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Small Mammals
 &RYHUDQGIRRGUHVRXUFHVDUHERWKHVVHQWLDOWRVPDOOPDP
PDO SRSXODWLRQV 6KUXEV GRZQ ZRRG DQG VQDJV SURYLGH
LPSRUWDQWFRYHU IURPSUHGDWRUVDQG WKXV WKH ORVVRI WKHVH
habitat elements may have negative consequences for some
VPDOOPDPPDO VSHFLHV &KDPEHUV  +RZHYHU RWKHU
VSHFLHVSUHIHURSHQKDELWDWFRQGLWLRQVDQGPD\EHQHÀWIURP
WKH IRRG UHVRXUFHV SURYLGHG E\ HDUO\ DQGPLGVHUDO IUXLW
SURGXFLQJVKUXEVDQGWKHSOHQWLIXOJUDVVHVDQGIRUEVWKDWPD\
establish after fuel reduction. Fisher and Wilkinson (2005)
SUHVHQWHGDQH[WHQVLYHUHYLHZRIWKHHIIHFWVRIGLVWXUEDQFH
RQ PDPPDOV LQ ERUHDO IRUHVWV 7KH\ UHSRUWHG WKDW VPDOO
PDPPDOVUHFRORQL]HGLVWXUEHGDUHDVVRRQDIWHUGLVWXUEDQFH
DOWKRXJKGLYHUVLW\DQGVSHFLHVGRPLQDQFHGLIIHUDVVXFFHV
VLRQSURJUHVVHV*HQHUDOLVWVSHFLHVDUH W\SLFDOO\GRPLQDQW
LQWKHHDUO\VXFFHVVLRQDOVWDJHVZKLOHVSHFLDOLVWVSHFLHVDUH
dominant in the later successional stages. When a decline in
DEXQGDQFHRIDSDUWLFXODUVSHFLHVGRHVRFFXULWLVW\SLFDOO\
RZLQJWRDUHGXFWLRQLQPRLVWXUHDQGWKHUPDOFRYHUZKLFK
can be a result of changes in coarse woody debris and in the
herb and shrub layers (Fisher and Wilkinson 2005). A study
LQ%ULWLVK&ROXPELD UHSRUWHG WKDW IXHO UHGXFWLRQ LQ\RXQJ
ORGJHSROHSLQHIRUHVWVLQFUHDVHGWKHULFKQHVVDQGGLYHUVLW\
RIVPDOOPDPPDOVSUREDEO\DVDUHVXOWRILQFUHDVHGKDELWDW
heterogeneity (Sullivan and others 2001).
 6PDOOPDPPDOVSHFLHVYDU\LQWKHLUKDELWDWSUHIHUHQFHV
DQGWKXVLQWKHLUUHVSRQVHVWRGLIIHUHQWW\SHVRIWUHDWPHQWV$
VWXG\LQQRUWKFHQWUDO,GDKRIRXQGWKDWVRXWKHUQUHGEDFNHG
voles (Clethrionomys gapperi) were most abundant in more
FORVHGFDQRS\PHVLF VLWHVZKHUHDV1RUWK$PHULFDQ GHHU
mice (Peromyscus maniculatusDQG\HOORZSLQHFKLSPXQNV
(Tamias amoenusSUHGRPLQDWHGLQRSHQFDQRS\[HULFVLWHV
.RHKOHUDQG+RUQRFNHU%RWKFKLSPXQNVDQGGHHUPLFH
ZLOOOLNHO\LQFUHDVHLQQXPEHUVDIWHUWKLQQLQJLQ'RXJODVÀU
DQGSRQGHURVDSLQHIRUHVWV*RRGZLQDQG+XQJHUIRUG
0HGLQ DQG%RRWK :RROI  ÀJ &RQYHUVHO\
UHGEDFNHGYROHVKDYHEHHQ VKRZQ WRGHFOLQH DIWHU VWDQGV
DUH FOHDUFXW EXW DSSHDU WR FRQWLQXH WR XVH VHOHFWLYHO\ FXW
VWDQGVDW OHDVW LQPRLVW IRUHVW W\SHV &DPSEHOODQG&ODUN
6WHYHQWRQDQGRWKHUV,QDORGJHSROHSLQHDQG
PL[HGFRQLIHUIRUHVWLQQRUWKHDVWHUQ2UHJRQDFRPPHUFLDO
thinning designed as a fuels reduction treatment resulted in
DQLQFUHDVHLQFKLSPXQNVDQGDGHFUHDVHLQUHGEDFNHGYROHV
red squirrels (Tamiasciurus hudsonicusDQGVQRZVKRHKDUHV
(Lepus americanusRQH\HDUDIWHUWKLQQLQJ%XOODQG%OXPWRQ
ÀJ+DUHVFRQWLQXHGWRXVHYHU\VPDOOSDWFKFXW
VWDQGV PZLGH FLUFXODU FXWV LQWHUVSHUVHG LQXQWKLQQHG
VWDQGV DQG FRPSULVLQJ  WR  SHUFHQW RI D VWDQG EXW
DYRLGHGVWDQGVWKLQQHGWRDPVSDFLQJ%XOODQGRWKHUV
E5HWDLQLQJXQWKLQQHGSDWFKHVRIWUHHVZLWKLQVWDQGV
PD\KHOSPDLQWDLQKDUHSRSXODWLRQVLQIXHOWUHDWPHQWDUHDV
XQWLOXQGHUVWRU\YHJHWDWLRQUHFRYHUV$XVEDQGDQG%DW\
6KLFN6XOOLYDQDQG6XOOLYDQ
 6RPHVSHFLHVRIVPDOOPDPPDOVSUHIHUKLJKFDQRS\FORVXUH
and thus may be adversely affected by thinning treatments.
)RUH[DPSOHWKH$EHUWVTXLUUHOSciurus abertiLQSRQGHURVD
SLQHIRUHVWVLQQRUWKFHQWUDO$UL]RQDVHOHFWVDUHDVZLWKKLJK
RYHUVWRU\FDQRS\'RGGDQGRWKHUV7KLQQLQJZLOOOLNHO\
KDYHDGU\LQJHIIHFWRQKLJKFDQRS\KLJKGHQVLW\VWDQGVRI
JUDQGÀU/LOO\EULGJHDQGRWKHUVSRWHQWLDOO\KDYLQJ
D QHJDWLYH HIIHFW RQ QRUWKHUQ Á\LQJ VTXLUUHO Glaucomys 
sabrinusSRSXODWLRQV/HKPNXKODQGRWKHUV1RUWK
HUQÁ\LQJVTXLUUHODEXQGDQFHLQGU\'RXJODVÀUSRQGHURVD
SLQHZHVWHUQODUFKIRUHVWVLQQRUWKHDVWHUQ2UHJRQGHFUHDVHG
RQHWRWZR\HDUVDIWHUDWKLQQLQJWUHDWPHQW%XOODQGRWKHUV
Figure 6²&KLSPXQNV W\SLFDOO\ ÀRXULVK DIWHU GLVWXUEDQFH HYHQWV OLNH
WKLQQLQJDQG¿UH3KRWRE\(YHO\Q%XOO
11USDA Forest Service Gen. Tech. Rep. RMRS-GTR-173. 2006
SRVVLEO\DVDUHVXOWRIKDELWDWFKDQJHVDQGGHFUHDVHV
LQWUXIÁHVWKHSULPDU\IRRGRIQRUWKHUQÁ\LQJVTXLUUHOVDQG
RWKHUVPDOOPDPPDOV/HKPNXKODQGRWKHUV/HKP
NXKODQGRWKHUVFRQFOXGHGWKDWWKLQQHGDQGEXUQHG
VWDQGVZRXOGOLNHO\EHSRRUEXVK\WDLOHGZRRGUDWNeotoma 
cinerea occidentalis) habitat in dry forests of eastern Wash
LQJWRQGXH WR WKHLUDVVRFLDWLRQZLWKDEXQGDQW ODUJHVQDJV
mistletoe brooms and soft log cover. In dry mixed conifer
IRUHVWVLQWKH6LHUUD1HYDGDRI&DOLIRUQLDWUXIÁHIUHTXHQF\
ELRPDVVDQGVSHFLHVULFKQHVVDQGFRQVHTXHQWO\FRQVXPSWLRQ
E\ORGJHSROHFKLSPXQNVNeotamias speciosusZHUHORZHU
LQKHDYLO\WKLQQHGDQGWKLQQHGDQGSUHVFULEHGEXUQHGSORWV
FRPSDUHGZLWKEXUQRQO\SORWVRUXQEXUQHGFRQWUROV0H\HU
and others 2005).
 Relatively few studies have examined small mammal re
VSRQVHVWRSUHVFULEHGÀUHEXWLQIHUHQFHVFDQEHPDGHIURP
VRPH ZLOGODQG ÀUH HIIHFWV UHVHDUFK 6KRUWWHUP QHJDWLYH
HIIHFWVRIÀUHKDYHEHHQREVHUYHG IRU VKUHZV Sorex VSS
%ODFN DQG+RRYHQ  YROHV Microtus VSS 'LPRFN
 UHGEDFNHG YROHV 6SLOGLH DQG RWKHUV QG UDEELWV
(Lepus VSS VQRZVKRH KDUHV .HLWK DQG 6XUUHQGL 
UHGVTXLUUHOVDQGQRUWKHUQÁ\LQJVTXLUUHOV5HDP,Q
FRQWUDVWGHHUPLFH'LPRFN6SLOGLHDQGRWKHUVQG
FKLSPXQNV SRFNHW JRSKHUV Thomomys VSS DQGJURXQG
squirrels (Spermophilus VSS DUH IDYRUHG E\ GLVWXUEDQFHV
DQGDUHOHVVDIIHFWHGE\SUHVFULEHGÀUHV5HDP7KLV
UHVSRQVH ZDV GHPRQVWUDWHG LQ SRQGHURVD SLQH VWDQGV LQ
6RXWK'DNRWDZKHUHGHHUPLFHLQFUHDVHGWKHÀUVW\HDUDIWHU
D SUHVFULEHGÀUH EXW GHFUHDVHG RU UHPDLQHG WKH VDPH WKH
VHFRQG\HDU%RFNDQG%RFN'HHUPLFHYROHVDQG
FKLSPXQNV DOVR LQFUHDVHG LQ VSUXFH ORGJHSROH SLQH DQG
VXEDOSLQHÀUIRUHVWV LQ%ULWLVK&ROXPELDDIWHUFOHDUFXWWLQJ
IROORZHGE\SUHVFULEHGÀUH6XOOLYDQDQGRWKHUV$OO
PDPPDOV H[FHSW WKH \HOORZSLQH FKLSPXQN GHFOLQHG LQ
VWDQGVRIVXEDOSLQHÀUDIWHUSUHVFULEHGÀUHLQ:DVKLQJWRQ
+DQVRQ6WXGLHVIURPRWKHUUHJLRQVDQGIRUHVWW\SHV
VKRZVLPLODUSDWWHUQVRIVSHFLHVOHYHOGLIIHUHQFHVLQUHVSRQVH
WRÀUH$KOJUHQ)RUGDQGRWKHUV.LUNODQGDQG
RWKHUV0DVWHUVDQGRWKHUV
Figure 7²5HGEDFNHG YROHVPD\ GHFUHDVH DIWHU WKLQQLQJ DQG ¿UH
3KRWRE\(YHO\Q%XOO
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Bats
 %DWVDUHIRXQGLQVWDQGVZLWKDSSURSULDWHURRVWLQJKDELWDW
WDOOODUJHGLDPHWHUWUHHVDQGVQDJVDQGDEXQGDQWSUH\UH
VRXUFHVÁ\LQJLQVHFWV/LWWOHLQIRUPDWLRQLVDYDLODEOHRQWKH
GLUHFWHIIHFWVRIIXHOUHGXFWLRQRQEDWVRYHUDOODOWKRXJKVRPH
inferences can be made based on the known habitats used by
EDWV/RQJOHJJHGP\RWLVMyotis volansVLOYHUKDLUHGEDWV
(Lasionycteris noctivagans DQG VHYHUDORWKHUEDW VSHFLHV
URRVWXQGHUWKHEDUNRIWDOOODUJHGLDPHWHUWUHHVRULQFDYL
WLHVRIODUJHVQDJV%HWWV2UPVEHHDQG0F&RPE
5DEHDQGRWKHUV9RQKRIDQG%DUFOD\,Q6RXWK
'DNRWDVLOYHUKDLUHGEDWVURRVWHGSULPDULO\XQGHUORRVHEDUN
LQ WUHH FUHYLFHV DQG LQZRRGSHFNHU FDYLWLHV LQSRQGHURVD
SLQHVQDJVDYHUDJLQJDERXWFPGEKÀJ0DWWVRQDQG
RWKHUV7KHVHVWDQGVFRQWDLQHGDQDYHUDJHRIVQDJV
SHUKHFWDUH0DWWVRQDQGRWKHUV
 ,IODUJHGLDPHWHUVQDJVDQGWUHHVDUHSURWHFWHGGXULQJIXHO
UHGXFWLRQ LW LV OLNHO\ WKDW WKLQQLQJRUSUHVFULEHGÀUHPD\
KDYHPLQLPDO RU HYHQ SRVLWLYH HIIHFWV RQ EDW SRSXODWLRQV
GHSHQGLQJRQWKHVWDUWLQJFRQGLWLRQVDQGPDQDJHPHQWKLVWRU\
RIWKHVLWH%R\OHVDQG$XEUH\3DWULTXLQDQG%DUFOD\
 6FKPLGW  +RZHYHU WKH ORVV RI WKHVH KDELWDW
IHDWXUHVPD\EHGHWULPHQWDOWRIRUHVWEDWVSHFLHV&KDPEHUV
DQGRWKHUV,QWKH2UHJRQ&RDVW5DQJHEDWDFWLYLW\LQ
'RXJODVÀUVWDQGVZDVKLJKHVWLQROGJURZWKVWDQGVORZHVWLQ
XQWKLQQHGVWDQGVRIVHFRQGJURZWKWR\HDUVROGDQG
intermediate in second growth stands with thinning (Humes
DQGRWKHUV2OGJURZWKVWDQGVRI'RXJODVÀUZHVWHUQ
KHPORFNSRQGHURVDSLQHVXJDUSLQHDQGWUXHÀUVZHUHDOVR
SUHIHUUHGE\KRDU\Lasiurus cinereusDQGVLOYHUKDLUHGEDWV
FRPSDUHGWR\RXQJHUVWDQGVLQRWKHUSDUWVRI2UHJRQ3HU
NLQVDQG&URVV%DWDFWLYLW\ZDVKLJKHULQROGJURZWK
VWDQGVRI'RXJODVÀU WKDQ LQPDWXUH DQG\RXQJ VWDQGV LQ
WKHVRXWKHUQ:DVKLQJWRQ&DVFDGHVDQGLQWKH2UHJRQ&RDVW
5DQJH7KRPDV7KHSUHIHUHQFHIRUROGJURZWKPD\EH
DIXQFWLRQRIWKHKLJKGHQVLW\RIODUJHGLDPHWHUVQDJVXVHG
DVURRVWVWKHRSHQVSDFHEHWZHHQWUHHVZKLFKDOORZVEDWV
WRJDLQÁLJKWZKHQOHDYLQJWKHURRVWRURWKHUIDFWRUV,WLV
not known if stands with fuel reductions will function in the
VDPHFDSDFLW\WKURXJKRXWWKHLQWHULRUGU\FRQLIHURXVIRUHVWV
of the West.
Figure 8²6LOYHUKDLUHGEDWVURRVWXQGHUORRVHEDUNDQG
LQ FDYLWLHV LQ ODUJH WUHHVDQGVQDJVKDELWDWV WKDW FRXOG
LQFUHDVHRUGHFUHDVHGHSHQGLQJRQIXHOUHGXFWLRQWUHDWPHQW
0HUOLQ7XWWOH%DW&RQVHUYDWLRQ,QWHUQDWLRQDO,QF
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Species Implications—Birds ______
General
 6HYHUDOIDFWRUVLQÁXHQFHWKHULFKQHVVDQGGLYHUVLW\RIELUG
VSHFLHVLQDVWDQGLQFOXGLQJWKHVWUXFWXUHDQGFRPSRVLWLRQRI
OLYLQJDQGGHDGYHJHWDWLRQ(DVWRQDQG0DUWLQ6WHYHQWRQ
DQGRWKHUV7D\ORUDQG%DUPRUH,QZHVWHUQGU\
FRQLIHURXVIRUHVWVELUGFRPPXQLW\FRPSRVLWLRQGHSHQGVRQ
WKHKHWHURJHQHLW\RIKDELWDWVDYDLODEOHSUR[LPLW\WRZDWHUÀUH
KLVWRU\DQGVLOYLFXOWXUDOOHJDF\%UDZQDQG%DOGD)LQFK
DQGRWKHUV+HMODQGRWKHUV/LNHRWKHUZLOGOLIH
WKHVSHFLHVWKDWDUHPRVWOLNHO\WREHDIIHFWHGE\IXHOUHGXF
WLRQVDUH WKRVHVSHFLHVZKRVHQHVWLQJDQGIRUDJLQJKDELWDWV
DUHDVVRFLDWHGZLWKWKHIXHOVEHLQJUHPRYHGRUFUHDWHGDQG
VSHFLHV WKDW HLWKHU SUHIHU RU DYRLG GLVWXUEHG DUHDV ÀJ 
%LUGVDUHRIWHQJURXSHGEDVHGRQIRUDJLQJRUQHVWLQJORFDWLRQ
RUFKDUDFWHULVWLFV%HFDXVHRIWKHLUJUHDWPRELOLW\DVDGXOWV
SRSXODWLRQOHYHOUHVSRQVHVRIELUGVDUHVWURQJO\LQÁXHQFHGE\
WKHLUGLVWULEXWLRQDQGDEXQGDQFHLQWKHVXUURXQGLQJODQGVFDSH
DOWKRXJKWKHH[LVWLQJFRQGLWLRQVSULRUWRWUHDWPHQWZLOODOVR
LQÁXHQFHUHVSRQVHV
 3DWWHUQVRIELUGUHVSRQVHVWRÀUHWKURXJKRXW1RUWK$PHULFD
KDYH EHHQ UHFHQWO\ VXPPDUL]HG IURP SXEOLVKHG OLWHUDWXUH
6DDEDQG3RZHOOLQFOXGLQJFKDSWHUVWKDWV\QWKHVL]H
LQIRUPDWLRQRQGU\FRQLIHURXVIRUHVWV%RFNDQG%ORFN
6DDEDQGRWKHUV7KHJUHDWPDMRULW\RIVWXGLHVUHSRUWHG
ÀUHHIIHFWVLQWHUPVRISRSXODWLRQFKDQJHLQUHODWLYHDEXQGDQFH
GXULQJWKHEUHHGLQJVHDVRQDQGZLWKLQÀYH\HDUVDIWHUÀUH
%LUGUHVSRQVHVZHUHFODVVLÀHGIRU1RUWK$PHULFDQELUG
VSHFLHVDVHLWKHUSRVLWLYHQHJDWLYHLQFRQFOXVLYHWKDWLVQRW
HQRXJKGDWD WRGHWHUPLQHWKHUHVSRQVHRUPL[HGWKDW LV
GDWDVXJJHVWERWKDSRVLWLYHDQGQHJDWLYHUHVSRQVH6SHFLHV
ZHUHFDWHJRUL]HGE\QHVWW\SHRSHQYVFORVHG>FDYLW\@QHVW
OD\HUFDQRS\VKUXEJURXQGRUQHDUJURXQGDQGIRUDJLQJ
JXLOG$OWKRXJKWKLVW\SHRIVXPPDU\LVQHFHVVDULO\FRDUVH
UHVROXWLRQ IRU H[DPSOH GRHV QRW GLVWLQJXLVK EHWZHHQÀUH
VHYHULW\RUWLPHVLQFHÀUHLWVWLOORIIHUVYDOXDEOHLQVLJKWVDQG
DEDVLVIRUK\SRWKHVHV6RPHSDWWHUQVLQVKRUWWHUPUHVSRQVHV
WRÀUHZHUHDSSDUHQWDHULDOJURXQGDQGEDUNLQVHFWLYRUHV
FOHDUO\ IDYRUHG EXUQHG KDELWDWV ZKHUHDV IROLDJH JOHDQHUV
SUHIHUUHG XQEXUQHGKDELWDWV  VSHFLHVZLWK FORVHG QHVWV
UHVSRQGHGPRUH IDYRUDEO\ WREXUQHGKDELWDWV WKDQ VSHFLHV
ZLWKRSHQFXSQHVWVDQGWKRVHQHVWLQJLQWKHJURXQGDQG
FDQRS\OD\HUVJHQHUDOO\IDYRUHGEXUQHGKDELWDWVFRPSDUHG
to shrub nesters.
 7KHUHSRUWHGHIIHFWVRIIXHOUHGXFWLRQRQELUGVDUHQRWDOZD\V
FRQVLVWHQWDPRQJVWXGLHVRUVSHFLHV)RUH[DPSOHVRPHVWXG
ies observe an increase in bird abundance shortly after fuel
UHGXFWLRQZKHUHDVRWKHUVUHSRUWODUJHGHFUHDVHVRUQRFKDQJH
DWDOO+XIIDQGRWKHUV0RUHLUDDQGRWKHUV6KRUW
WHUPUHVSRQVHVPD\GLIIHUIURPORQJWHUPUHVSRQVHV+DQQRQ
DQG'UDSHDXEUHHGLQJELUGUHVSRQVHPD\GLIIHUIURP
ZLQWHULQJELUGUHVSRQVH%RFNDQG%ORFNDQGHIIHFWV
observed at the stand scale may differ from those at the land
VFDSHRU UHJLRQDOVFDOH .RWOLDUDQGRWKHUV6DDEDQG
RWKHUV+RZHYHUVRPHJHQHUDOHIIHFWVDUHIDLUO\SUH
GLFWDEOH)LUVWWKLQQLQJRUSUHVFULEHGÀUHVFRQGXFWHGGXULQJ
the nesting season are more likely to result in high mortality
RIQHVWOLQJVHVSHFLDOO\IRUVSHFLHVQHVWLQJRQWKHJURXQGDQG
LQVKUXEVDQGVPDOOWUHHV6PLWK,IFRQGXFWHGSULRUWR
WKHQHVWLQJVHDVRQSUHVFULEHGÀUHVDUHOLNHO\WRUHGXFHQHVWLQJ
KDELWDW IRUJURXQGDQG VKUXEQHVWLQJ VSHFLHV $UWPDQDQG
others 2001). Shrubs and ground cover lost during treatment
will likely recover within a few years.
Figure 9²<HOORZZDUEOHUVZLOO OLNHO\EHQH¿W IURP IXHO UHGXFWLRQV LI WDOO
VKUXEVLQFUHDVHZLWKWLPH3KRWRE\'RQ%UDGVKDZ
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 %LUG UHVSRQVHV WR SUHVFULEHG ÀUH DUH GHSHQGHQW RQ WKH
VSHFLHV DQG RWKHU IDFWRUV 6RPH ELUG VSHFLHV SUHIHU HDUO\
VXFFHVVLRQDODQGRSHQKDELWDWVDQGWKHVHVSHFLHVDUHOLNHO\
to increase in abundance after fuel reduction (DeGraaf and
RWKHUV+DJDUDQGRWKHUV0LFKDHODQG7KRUQEXUJK
3URYHQFKHUDQGRWKHUV6LPRQDQGRWKHUV
:LOVRQDQGRWKHUV,QSRQGHURVDSLQHVWDQGVLQ6RXWK
'DNRWDWKHWRWDOQXPEHURIEUHHGLQJELUGVSHUWUDQVHFWZDV
IRXQGWREHKLJKHULQEXUQHGDUHDVFRPSDUHGWRFRQWUROVRQO\
LQWKHÀUVWVXPPHUDIWHUDÀUH%RFNDQG%RFN,QFRQ
WUDVWVRPHELUGVPD\EHOHVVDEXQGDQWDIWHUSUHVFULEHGÀUH
$QGHUVRQDQG&URPSWRQ*DLQHVDQGRWKHUVLQSUHVV
)RUH[DPSOHIROLDJHJOHDQHUVSUHIHUXQEXUQHGIRUHVWVDQGRIWHQ
GHFUHDVHLQDEXQGDQFHZLWKLQFUHDVLQJEXUQVHYHULW\.RWOLDU
DQGRWKHUV%XUQLQJRSHUDWLRQVWKDWUHPRYHODUJHWUHHV
DQGVQDJVZLOOOLNHO\DIIHFWVSHFLHVQHVWLQJLQWUHHFDQRSLHV
DQGFDYLWLHVRIVQDJVRUOLYHWUHHEROHVÀJ5HFUXLWPHQW
RIODUJHVQDJVIRUFDYLW\QHVWHUVPD\WDNHGHFDGHVRUORQJHU
GHSHQGLQJRQH[LVWLQJVWDQGFRQGLWLRQV
 3UHVFULEHGÀUHFDQDOVRDOWHUELUGIRUDJLQJKDELWDWVDQGWKH
SULPDU\FRPSRQHQWVRIELUGGLHWVVXFKDVLQVHFWSRSXODWLRQV
DQGIUXLWSURGXFWLRQRISODQWV'LFNVRQ$Q\IXHOUHGXF
LQJDFWLYLW\WKDWUHPRYHVDELUG·VSUHIHUUHGIRUDJLQJKDELWDW
ZLOOOLNHO\UHVXOWLQDGYHUVHDIIHFWVDWOHDVWLQWKHÀUVWIHZ
\HDUVDIWHU WUHDWPHQW)RUH[DPSOH WUHHJOHDQHUVGHFOLQHG
DIWHUWKLQQLQJLQDQ,GDKRSRQGHURVDSLQH'RXJODVÀUIRUHVW
0HGLQDQG%RRWK$SRWHQWLDOLQFUHDVHLQIRRGVXSSO\
VHHGVDQGLQVHFWVIROORZLQJÀUHPLJKWSURYLGHEHWWHUIRU
aging for these birds because there is greater access owing
WRWKHUHPRYDORIJUDVVOD\HUV7KLVLQFUHDVHLQIRRGVXSSO\
LQÁXHQFHVPRVWO\JUDQLYRURXVVSHFLHVDQGVRPHRPQLYRURXV
DQGFDUQLYRURXVVSHFLHVWKDWIHHGRQWKHJURXQG$UWPDQDQG
RWKHUV%XUQHGJHVFDQDOVREHLPSRUWDQWIRUVRPHELUGV
E\SURYLGLQJDKHWHURJHQHRXVPL[RIEXUQHGDQGXQEXUQHG
WUHHVSRVVLEO\SURYLGLQJRSSRUWXQLVWLFIRUDJLQJZKLOHPDLQ
WDLQLQJFRYHUIURPSUHGDWRUV+HQFHWKHMX[WDSRVLWLRQRIOLYH
DQGGHDGWUHHVPD\EHLPSRUWDQWIRUVRPHVSHFLHVVXFKDVWKH
ROLYHVLGHGÁ\FDWFKHU$OWPDQDQG6DOODEDQNV.RWOLDU
and others 2002).
Figure 10²*UHDWJUD\RZOVPD\EHQH¿W IURPWKHPRUHRSHQIRUHVW
VWUXFWXUH UHVXOWLQJ IURP IXHO UHGXFWLRQVEXW WKH ORVVRIQHVWVLWHV LQ
ODUJHGLDPHWHU VQDJV DQG PLVWOHWRH EURRPV ZRXOG EH GHWULPHQWDO
3KRWRE\(YHO\Q%XOO
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Raptors
 7KHPRUHRSHQXQGHUVWRU\FUHDWHGE\IXHOUHGXFWLRQPD\EH
DGYDQWDJHRXVWRVRPHVSHFLHVRIKDZNVRZOVDQGHDJOHVWKDW
SUH\RQVPDOOPDPPDOVDQGELUGVLQRSHQIRUHVWVDQGVPDOO
FOHDULQJVÀJ3UH\VSHFLHVWKDWKDYHOHVVFRYHUDUHPRUH
HDVLO\FDSWXUHGDQGVRPHSUH\VSHFLHVSUHIHURSHQIRUHVWV
IRUH[DPSOHGHHUPLFH+RZHYHUVRPHUDSWRUVSHFLHVDQG
VRPHVPDOOPDPPDODQGDYLDQSUH\SUHIHUFORVHGFDQRS\
forests and thus may avoid stands that have been treated
to reduce fuels. The removal of trees with dwarf mistletoe
brooms during thinning treatments will likely be detrimental
WRZLOGOLIHVSHFLHVWKDWQHVWLQPLVWOHWRHEURRPVLQFOXGLQJWKH
great gray owl (Strix nebulosaORQJHDUHGRZOAsio otus
great horned owl (Bubo viginianus QRUWKHUQ VSRWWHGRZO
(Strix occidentalisQRUWKHUQJRVKDZNAccipiter gentilis
&RRSHU·V KDZN Accipiter cooperii DQG UHGWDLOHG KDZN
(Buteo jamaicensis%XOODQGRWKHUV
 1RUWKHUQJRVKDZNVSUHIHUFORVHGFDQRS\IRUHVWVRIODUJH
GLDPHWHU WUHHVZLWKUHODWLYHO\RSHQXQGHUVWRULHV 5HLFKDQG
RWKHUV  0DQDJHPHQW UHFRPPHQGDWLRQV IRU VXVWDLQ
LQJKDELWDWIRUWKHQRUWKHUQJRVKDZNDQGWKHLUSUH\LQFOXGH
SUHVFULEHGÀUHWKLQQLQJIURPEHORZWRDFKLHYHQRQXQLIRUP
VSDFLQJRIWUHHVODUJHUWKDQFPGEKQRWWRH[FHHGWR
SHUFHQWFDQRS\RSHQLQJDQGYDULRXVVODVKWUHDWPHQWV5H\Q
ROGVDQGRWKHUV6TXLUHVDQG5H\QROGV$VLQJOH
PRGHUDWHOHYHOWKLQQLQJLQHYHQDJHGWR\HDUROGVWDQGV
LVUHFRPPHQGHGLQPRLVWIRUHVWVRQWKH2O\PSLF3HQLQVXODWR
achieve high crown base heights (>25 m) and low shrub cover
SHUFHQWWRLPSURYHKDELWDWIRUQRUWKHUQJRVKDZNV)LQQ
DQG RWKHUV  ,Q WKH 6RXWKZHVW %HLHU DQG0DVFKLQVNL
(2003) recommend no restoration activities in the nest area
DKDDUHDDURXQGHDFKQHVWH[FHSWIRUSRVVLEO\WKLQQLQJ
IURPEHORZWRUHGXFHWKHULVNRIVWDQGUHSODFLQJÀUH
 %RWK0H[LFDQVSRWWHGRZOVStrix occidentalis lucida) and
QRUWKHUQVSRWWHGRZOVStrix occcidentalis caurina) are listed
XQGHUWKHIHGHUDO(QGDQJHUHG6SHFLHV$FWDQGDUHIRXQGLQ
GU\ IRUHVW HQYLURQPHQWV0DQDJHPHQW REMHFWLYHV IRU ERWK
VSHFLHV DUH FRQVHUYDWRU\ZLWK OLWWOH DFWLYHPDQDJHPHQW LQ
GHÀQHGDUHDV%\UHGXFLQJWKHULVNWKDWVWDQGUHSODFHPHQW
ÀUHZLOO VZHHS LQWR WKHVH GHÀQHG DUHDV UHVWRUDWLRQ WUHDW
PHQWV RXWVLGH RI WKHVH DUHDV VKRXOG EHQHÀW VSRWWHG RZOV
RYHUWKHORQJWHUP%HLHUDQG0DVFKLQVNL,Q$UL]RQD
DQG1HZ0H[LFRSRQGHURVDSLQHDQGPL[HGFRQLIHUIRUHVWV
UHODWLYHO\OLJKWÀUHVLQFOXGLQJPRVWSUHVFULEHGÀUHVKDGQR
FOHDUVKRUWWHUPHIIHFWRQ0H[LFDQVSRWWHGRZOSUHVHQFHRU
UHSURGXFWLRQ-HQQHV9DULDEOHGHQVLW\WKLQQLQJPD\
KROGSURPLVHIRUDFFHOHUDWLRQRIWKHGHYHORSPHQWRIQRUWKHUQ
VSRWWHGRZOKDELWDWDQGGHQVHSUH\SRSXODWLRQV&DUH\
&DUH\DQGRWKHUVDE&DUH\DQG:LOVRQ
0XLUDQGRWKHUVHVSHFLDOO\ZKHQDSSURSULDWHDWWHQWLRQ
LVSDLGWRGHFDGHQFHVQDJVFDYLW\WUHHVDQGFRDUVHZRRG\
GHEULV %XQQHOO DQGRWKHUV&DUH\&DUH\DQG
RWKHUVDEWKRXJKWKHVHUHVXOWVPD\EHEHVWVXLWHGLQ
PL[HGFRQLIHUVWDQGVZLWKPL[HGVHYHULW\ÀUHUHJLPHVUDWKHU
WKDQWKHGULHUSLQHORZLQWHQVLW\ÀUHUHJLPHV/HKPNXKODQG
RWKHUV$OWKRXJKYHJHWDWLRQPDQLSXODWLRQ WR UHGXFH
ZLOGÀUH KD]DUGPD\ FUHDWH OHVV WKDQ RSWLPXP KDELWDW IRU
WKHQRUWKHUQVSRWWHGRZOWKLVVKRXOGEHZHLJKHGDJDLQVWWKH
KD]DUGIRUVWDQGUHSODFHPHQWÀUHVDQGWKHFRPSOHWHORVVRI
KDELWDWRYHUODUJHDUHDV(YHUHWWDQGRWKHUV
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Cavity-Nesting Birds
 ,IIXHOWUHDWPHQWVLQYROYHUHPRYLQJRUHOLPLQDWLQJVQDJV
WKHQDQHWORVVRIQHVWLQJKDELWDWIRUSULPDU\DQGVHFRQGDU\
FDYLW\QHVWLQJELUGVPLJKWEHH[SHFWHGIRUPDQ\\HDUV6FRWW
DQG 2OGHPH\HU  3UHVFULEHG ÀUH GHSHQGLQJ RQ WKH
LQWHQVLW\ZLOOOLNHO\LQFUHDVHWKHQXPEHURIVPDOOGLDPHWHU
VQDJVEXWWKHVHVQDJVDUHJHQHUDOO\OHVVVXLWDEOHKDELWDWIRU
FDYLW\QHVWLQJ ELUGV 3ULPDU\ FDYLW\ QHVWHUV H[FDYDWH QHVW
cavities in large trees and large snags. The value of and
SUHIHUHQFHIRUODUJHGLDPHWHUVQDJVIRUQHVWLQJKDVEHHQZHOO
GRFXPHQWHGIRUWKHSLOHDWHGZRRGSHFNHUDryocopus pilea-
tusKDLU\ZRRGSHFNHUPicoides villosusQRUWKHUQÁLFNHU
(Colaptes auratusDQG:LOOLDPVRQ·VVDSVXFNHUSphyrapi-
cus thyroideusLQGU\IRUHVWVLQQRUWKHDVWHUQ2UHJRQ%XOO
 ZRRGSHFNHUV LQ SRQGHURVD SLQH IRUHVWV LQ FHQWUDO
2UHJRQ%DWH'L[RQSLOHDWHGZRRGSHFNHUVLQ
0RQWDQD0F&OHOODQGDQGRWKHUVDQGFDYLW\QHVWHUV
LQ SRQGHURVD SLQH IRUHVWV DIWHU ZLOGÀUHV LQ VRXWKZHVWHUQ
,GDKR6DDEDQG'XGOH\6DDEDQGRWKHUVDQG
QRUWKHUQ$UL]RQD&KDPEHUVDQG0DVW$GGLWLRQDOO\
SUHYLRXVO\H[FDYDWHGFDYLWLHVSURYLGHQHVWLQJURRVWLQJDQG
VKHOWHUKDELWDWIRUVHFRQGDU\FDYLW\QHVWLQJELUGVDQGVRPH
PDPPDOV%XOODQGRWKHUV+D\DQG*XQWHUW6DDE
and others 2004).
 7KHPDMRULW\RI UHVHDUFKVWXGLHV UHSRUW WKDW WKLQQLQJRU
thinning and burning fuel treatments result in a decrease
LQSRSXODWLRQVRIFDYLW\QHVWHUVRZLQJWRORVVRIGHDGWUHHV
used for nesting and roosting. Preliminary results of a study
LQ VRXWKHDVWHUQ %ULWLVK &ROXPELD LQGLFDWH WKDW WKLQQLQJ
WUHDWPHQWV LQ GU\ 'RXJODVÀU DQG SRQGHURVD SLQH IRUHVWV
UHVXOWHG LQ DGHFOLQH LQ VQDJGHQVLWLHV FDYLW\QHVWLQJELUG
GHQVLWLHVDQGVSHFLHVULFKQHVVRIFDYLW\QHVWHUVLQWKHÀUVW
WZREUHHGLQJVHDVRQVIROORZLQJWKLQQLQJ0DFKPHU
,QQRUWKHDVWHUQ2UHJRQSHUFHQWRISLOHDWHGZRRGSHFNHU
IRUDJLQJRFFXUVLQGRZQZRRGDQGVQDJV%XOOÀJ
3LOHDWHGZRRGSHFNHUIRUDJLQJZDVKLJKHVWLQXQWUHDWHGVWDQGV
RISRQGHURVDSLQH'RXJODVÀUJUDQGÀUORZHVWLQVWDQGVWKDW
KDGEHHQWKLQQHGDQGEXUQHGRQHWRWKUHH\HDUVSUHYLRXVO\
DQGLQWHUPHGLDWHLQWKLQQHGVWDQGV%XOODQGRWKHUVD
7KHSUHVFULEHGÀUHLQWKLVVWXG\DOVRHOLPLQDWHGPRUHWKDQ
SLOHDWHGZRRGSHFNHUQHVWDQGURRVWWUHHVSDVWDQGFXUUHQW
LQRQHKDVWDQGDYHUDJLQJPRUHWKDQFPGEK+RZHYHU
RWKHUIDFWRUVPD\EHLQÁXHQFLQJFDYLW\QHVWLQJELUGUHVSRQVHV
WRÀUHVRPHRIZKLFKPD\EHEHQHÀFLDOGHSHQGLQJRQEXUQ
VHYHULW\)RUH[DPSOHLQVWDQGUHSODFHPHQWÀUHVLQSRQGHURVD
SLQHIRUHVWVLQ,GDKRQHVWVXFFHVVRIVL[FDYLW\QHVWLQJELUGV
\HDUVSRVWÀUHZDVJHQHUDOO\KLJKHUWKDQQHVWVXFFHVV
UHSRUWHGLQWKHOLWHUDWXUHIURPVWXGLHVFRQGXFWHGLQXQEXUQHG
forests (Saab and others 2005).
 3UHVFULEHGÀUHUHVXOWVLQYDULDEOHVQDJFUHDWLRQDQGORVV
DFURVVDVWDQG)LQFKDQGRWKHUVUHYLHZHGVWXGLHVWKDW
HYDOXDWHGWKHHIIHFWVRISUHVFULEHGÀUHRQVQDJVDQGGRZQ
ZRRGLQVRXWKZHVWHUQSRQGHURVDSLQHIRUHVWVDQGIRXQGWKDW
snag loss was greatest in the large size classes and in the decay
classes (those with decayed heartwood) that contained nest
FDYLWLHV6QDJORVVW\SLFDOO\UDQJHGIURPWRSHUFHQWDQG
Figure 11—The loss of down wood and snags in 
IXHO UHGXFWLRQVZRXOG EH GHWULPHQWDO WR SLOHDWHG
ZRRGSHFNHUV3KRWRE\(YHO\Q%XOO
ORVVRIGRZQZRRGORJVIURPWRSHUFHQWGHSHQGLQJ
on the burn intensity and dead wood characteristics (in other
ZRUGVGHFD\VWDWHDQGPRLVWXUHDQGVL]HFODVVHVUHYLHZHG
LQ)LQFKDQGRWKHUV5DQGDOO3DUNHUDQG0LOOHU
$QHWSHUFHQWGHFUHDVHLQVQDJVIROORZHGDSUHVFULEHGÀUH
LQDVRXWKZHVWHUQSLQHRDNIRUHVWGRPLQDWHGE\SRQGHURVD
SLQH+RUWRQDQG0DQQDQ3URSRUWLRQDOVQDJORVVLQ
this study was greatest in the size (>50 cm dbh) and decay
classes that contained the most nest cavities.
 6RPHVWXGLHVDOVRUHSRUWDVKRUWWHUPEHQHÀWLQFUHDWLQJVQDJV
used for foraging due to an increase in bark beetles caused by
WKHWUHDWPHQW+RUWRQDQG0DQQDQIRXQGWKHUHZDVD
IROGLQFUHDVHLQQHZVQDJVFPGEKSHUFHQWRIWKHVH
QHZO\FUHDWHGVQDJVZHUHXVHGE\ZRRGSHFNHUVIRUIRUDJLQJ
ZLWKLQRQH\HDURIEHLQJFUHDWHG,ISUHVFULEHGÀUHVDUHFRQ
GXFWHGRYHUODUJHDUHDVWKHUHPD\EHDVKRUWWHUPEHQHÀWWR
ZRRGSHFNHUVLQWKHPicoides genus which forage on recently
EXUQHGWUHHV5XGROSKDQGRWKHUVÀJ)LUHVWKDW
GR QRW FRQVXPH ODUJH VQDJVPD\ LPSURYH SRQGHURVD SLQH
KDELWDWIRUEUHHGLQJ/HZLV·VZRRGSHFNHUVMelanerpes lewis)
GXHWRDGHFUHDVHLQFDQRS\FRYHUZKLFKLVSUHIHUUHGKDELWDW
IRU WKLV VSHFLHV 6DDEDQG9LHUOLQJ)XHO UHGXFWLRQV
PD\EHEHQHÀFLDOIRUZKLWHKHDGHGZRRGSHFNHUVPicoides 
albolarvatusEHFDXVHWKLVVSHFLHVLVDWWUDFWHGWRRSHQDUHDV
LQROGHUPDWXUHIRUHVWVZLWKORZVKUXEFRYHULQSRQGHURVD
SLQHVWDQGVLQFHQWUDO2UHJRQ)UHQ]HOWKHRSHQDUHDV
PD\EHFUHDWHGE\VLOYLFXOWXUDOWUHDWPHQWVDOWKRXJKQHVWLQJ
VXFFHVVZDVGHSUHVVHGDWWKHVHVLWHV
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Figure 12²%ODFNEDFNHG ZRRGSHFNHUV
PRYHLQWREXUQHGDUHDVWRIRUDJHRQEDUNDQG
woodboring beetles that invade the scorched 
WUHHV3KRWRE\(YHO\Q%XOO
 0DLQWDLQLQJDPLQLPXPQXPEHURIVQDJVSHUKHFWDUHLQD
SRQGHURVDSLQHRU'RXJODVÀUVWDQGPD\EHLQVXIÀFLHQWJLYHQ
WKHHSKHPHUDOQDWXUHRIVQDJVLQRWKHUZRUGVFRQWLQXDOO\
FKDQJLQJ LQKHLJKW GHFD\ VWDWH DQGSUHVHQFHRI VDSZRRG
GHFD\RUJDQLVPV3DUNVDQGRWKHUV=DFNDQGRWKHUV
:LOGÀUHUHVHDUFKLQGU\IRUHVWVLQ,GDKRVXJJHVWVWKDW
FDYLW\H[FDYDWLRQLQFUHDVHVZLWKWLPHVLQFHÀUHEXWWKDWPRVW
FDYLWLHVDUHRQO\XVHGRQFHE\VHYHQRIWKHHLJKWZRRGSHFNHU
VSHFLHVWKDWZHUHFRQVLGHUHG6DDEDQGRWKHUVWKXVD
FRQWLQXDOVXSSO\RIVQDJVLVQHHGHGWRPDLQWDLQQHZQHVWLQJ
sites over time.
 7KHUHVSRQVHRIVHFRQGDU\FDYLW\QHVWHUVWRIXHOUHGXFWLRQ
LQSRQGHURVDSLQHDQG'RXJODVÀUIRUHVWVZLOOOLNHO\IROORZ
DSDWWHUQVLPLODUWRSULPDU\FDYLW\QHVWHUVLQFOXGLQJVRPH
SRVLWLYHQHJDWLYHDQGQHXWUDOUHVSRQVHV0HGLQDQG%RRWK
&OXWFKVL]HDQGQXPEHURIQHVWOLQJVRI WKHZHVWHUQ
bluebird (Sialia mexicana D VHFRQGDU\FDYLW\QHVWHUGLG
not differ between control stands and stands thinned and
EXUQHGLQSRQGHURVDSLQHIRUHVWVLQ$UL]RQD*HUPDLQHDQG
*HUPDLQH%OXHELUGVKDGDKLJKHUSUREDELOLW\RIVXF
FHVVIXOO\ÁHGJLQJ\RXQJLQWUHDWHGVWDQGVEXWZLWKJUHDWHU
ULVNRISDUDVLWLFLQIHVWDWLRQV*HUPDLQHDQG*HUPDLQH
$IWHUSUHVFULEHGÀUHLQSRQGHURVDSLQHIRUHVWVLQVRXWKHDVWHUQ
$UL]RQDQRUWKHUQÁLFNHUVDQGYLROHWJUHHQVZDOORZVTachy-
cineta thalassina) decreased in abundance and mountain
chickadees (Parus gambeli) increased in abundance when
FRPSDUHGWRQXPEHUVLQDGMDFHQWXQEXUQHGFRQWUROVWDQGV
RYHUWKHVDPHSHULRGV+RUWRQDQG0DQQDQ
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Species Implications—Reptiles
 ,QJHQHUDO UHSWLOHGLYHUVLW\ LV ORZHU LQ IRUHVWHGKDELWDWV
FRPSDUHG WR GHVHUW JUDVVODQG DQG FKDSDUUDO 3RXJK DQG
RWKHUV)HZOL]DUGDQGVQDNHVSHFLHVRFFXS\FORVHG
FDQRS\FRQLIHURXVIRUHVWVLQWKH:HVWHUQ8QLWHG6WDWHVH[FHSW
IRUSRVVLEO\WKHUXEEHUERDCharina bottaeÀJ2WKHU
VSHFLHVLQKDELWVSHFLÀFSDWFKHVZLWKLQIRUHVWVVXFKDVZHW
ODQGVPHDGRZVDQGURFNRXWFURSSLQJVWKDWSURYLGHVKHOWHU
PLFURFOLPDWHVDQGSUH\+HDWZROH/LOO\ZKLWH
7KHVHVSHFLHVZLOOSULPDULO\LQFOXGHWKHZHVWHUQIHQFHOL]DUG
(Sceloperus occidentalisHDVWHUQIHQFHOL]DUGSceloporus 
undulatusVDJHEUXVKOL]DUGSceloporus graciosus ornate
tree lizard (Urosaurus ornatus ZHVWHUQ VNLQN Eumeces 
skiltonianus northern alligator lizard (Elgaria coerulea
garter snakes (Thamnophis VSS PRXQWDLQ NLQJ VQDNH
(Lampropeltis zonataUDFHUColuber constrictorJRSKHU
snake (Pituophis cateniferDQGZHVWHUQUDWWOHVQDNHCrotalus 
viridis).
 9HU\OLWWOHLVNQRZQDERXWWKHHIIHFWVRIWKLQQLQJRQUHSWLOHV
DQGZHIRXQGQRVWXGLHVVSHFLÀFWRWKHGU\FRQLIHURXVIRUHVWV
,QJHQHUDOVSHFLHVUHVSRQVHVWRIXHOUHGXFWLRQGHSHQGXSRQ
KDELWDWSUHIHUHQFHVDQGKRZWKRVHKDELWDWVDUHDOWHUHGE\WKH
WUHDWPHQW5XVVHOODQGRWKHUV$OWKRXJKDIHZVSHFLHV
SUHIHUIRUHVWÁRRUFRYHURWKHUVZLOOOLNHO\EHQHÀWIURPWKH
UHGXFWLRQLQVKUXEVJURXQGYHJHWDWLRQDQGOLWWHUFRYHUDQG
GHSWK*HUPDLQHDQG*HUPDLQH.QR[DQGRWKHUV
0XVKLQVN\6LQJKDQGRWKHUV
 3UHVFULEHGÀUHGRHVQRWDSSHDU WRDGYHUVHO\DIIHFWPRVW
UHSWLOHV DQG JHQHUDO SDWWHUQV VXJJHVW WKDW VRPH VSHFLHV
SUHIHUSRVWÀUHHQYLURQPHQWV%ULVVRQDQGRWKHUV/LWW
DQGRWKHUV0RVHOH\DQGRWKHUV5XVVHOODQGRWK
HUV6LQJKDQGRWKHUV,QFHQWUDO$UL]RQDOL]DUG
VSHFLHVULFKQHVVZDVJUHDWHULQEXUQHGSRQGHURVDSLQHIRUHVWV
FRPSDUHGWRDGMDFHQWXQEXUQHGDUHDVIRUWKUHH\HDUVDIWHU
FDWDVWURSKLFZLOGÀUH&XQQLQJKDPDQGRWKHUV7RWDO
OL]DUGDEXQGDQFHLQEXUQHGSRQGHURVDSLQHIRUHVWVZDVIRXU
WRQLQHWLPHVWKDWRIXQEXUQHGIRUHVWVEXWLWYDULHG\HDUWR
\HDU DQG ZDV VWURQJO\ LQÁXHQFHG E\ HDVWHUQ IHQFH OL]DUG
FDSWXUHVZKLFKUHSUHVHQWHGSHUFHQWRIDOOOL]DUGFDSWXUHV
LQIRUHVWHGSORWV7KHKLJKQXPEHUVRIOL]DUGVFDSWXUHGLQ
burned areas have generally been attributed to increases in
KDELWDW TXDOLW\ IRU VSHFLHV WKDW SUHIHU RSHQ KDELWDW SUHIHU
ODUJHZRRG\GHEULVDQGEHQHÀWIURPSRVWÀUHIRRGUHVRXUFHV
VXFKDVLQVHFWV/LOO\ZKLWH/LOO\ZKLWHDQG1RUWK
6KRUWWHUPORVVRIYHJHWDWLRQFRYHUGRHVQRWDSSHDUWROLPLW
OL]DUGKDELWDWXVH&XQQLQJKDPDQGRWKHUV0DQ\OL]DUG
VSHFLHVSUHIHUVQDJVDQGGRZQZRRGRYHUOLYHWUHHV-DPHV
DQG0·&ORVNH\DQGXVHFKDUUHGEUDQFKHVIRUSHUFKLQJ
/LOO\ZKLWHDQG1RUWK/LOO\ZKLWHDQGRWKHUV)XHO
reduction treatments that leave these habitat elements on site
PD\LPSURYHKDELWDWIRUVSHFLHV2WKHUVWXGLHVIURPRXWVLGH
RXUIRFDODUHDVXJJHVWWKDWLPPHGLDWHSRSXODWLRQGHFOLQHV
DUHRFFDVLRQDOO\DVVRFLDWHGZLWKSUHVFULEHGÀUH3DWWHUVRQ
6HWVHUDQG&DYLWW6LQJKDQGRWKHUV7UDLQRU
DQG:RLQDUVNLEXWWKHVHDUHXVXDOO\VKRUWWHUPHIIHFWV
0DLQWDLQLQJXQEXUQHGDUHDVFORVHWREXUQHGDUHDVPD\KHOS
facilitate snake and lizard recolonization or use of burned
DUHDV%ULVVRQDQGRWKHUV6HWVHUDQG&DYLWW
Figure 13²5XEEHUERDVDUHDVSHFLHVWKDWPD\EHGHWULPHQWDOO\DIIHFWHG
E\IXHOUHGXFWLRQVRZLQJWRWKHORVVRIGRZQORJVWKDWWKH\XVHIRUFRYHUDQG
IRUDJLQJ3KRWRE\(YHO\Q%XOO
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Species Implications—Amphibians
 $IHZDPSKLELDQVDUHVWULFWO\DTXDWLFEXWPRVWXVHXSODQG
KDELWDWVDWYDULRXVWLPHVGXULQJWKH\HDUDQGDIHZVSHFLHV
DUHVWULFWO\WHUUHVWULDO8SODQGKDELWDWXVHE\IRUHVWDPSKLE
LDQV ODUJHO\GHSHQGVRQ WKHDYDLODELOLW\RIPRLVWGXII DQG
OLWWHUDQGURWWLQJGRZQZRRG8QOLNHUHSWLOHVDPSKLELDQV·
UHVSRQVHWRUHGXFLQJFDQRS\FRYHUZLOOOLNHO\EHOHVVIDYRUDEOH
because of the warmer and drier conditions created in the
XQGHUVWRU\YHJHWDWLRQGRZQZRRGOLWWHUDQGVRLO+HDWZROH
0F*UDZ0H\HUDQGRWKHUV3RXJKDQGRWK
HUV0RVWWHUUHVWULDOVDODPDQGHUVUHTXLUHPRLVWVRLOV
RUGHFRPSRVLQJZRRGWRPDLQWDLQZDWHUEDODQFHDQGGU\
FRQGLWLRQVXVXDOO\UHVXOWLQVXSSUHVVHGSRSXODWLRQV%XU\DQG
&RUQGH0D\QDGLHUDQG+XQWHU$QXUDQVIURJV
and toads) may be less affected by changes in environmental
conditions associated with fuel reduction because of their
WHQGHQF\WRWUDYHODWQLJKWDQGGXULQJUDLQHYHQWVWKHLUJUHDWHU
YDJLOLW\WKDQVDODPDQGHUVDQGWKHLUFORVHDVVRFLDWLRQZLWK
ZHWODQGV&RQVWLEOHDQGRWKHUV3LOOLRGDQGRWKHUV
6WLOOVSHFLHVWKDWIUHTXHQWO\RFFXS\WHUUHVWULDOKDELWDWVVXFK
DVPDQ\VDODPDQGHUVERUHDOWRDGVÀJDQGWUHHIURJV
PD\EHNLOOHGGXULQJIXHOWUHDWPHQWVRUÀQGSRVWWUHDWPHQW
conditions unsuitable (Pilliod and others 2003).
 :HNQRZRIRQO\RQHVWXG\WKDWKDVTXDQWLÀHGWKHHIIHFWRI
WKLQQLQJRQDPSKLELDQVLQGU\FRQLIHURXVIRUHVWV,QDORGJHSROH
SLQHIRUHVWLQZHVWHUQ0RQWDQDSHUFHQWIHZHUORQJWRHG
salamanders (Ambystoma macrodactylumZHUHFDSWXUHGLQ
VHOHFWLYHO\KDUYHVWHGVWDQGVFRPSDUHGWRXQKDUYHVWHGVWDQGV
1DXJKWRQDQGRWKHUV+RZHYHUWKHDXWKRUVDOVRUHSRUWHG
QRGLIIHUHQFHVLQXQGHUVWRU\YHJHWDWLRQZRRG\GHEULVRUOLWWHU
EHWZHHQKDUYHVWHGDQGXQKDUYHVWHGSORWVDQGWKXVWKHHIIHFWVRI
these treatmentsarecontrary tomost fuel reduction treatments.
6WLOOWKHDXWKRUVVXJJHVWWKDWGLIIHUHQFHVLQVDODPDQGHUQXP
EHUVZHUHDWWULEXWHGWRWKHUHGXFWLRQLQRYHUVWRU\FDQRS\DQG
VXEVHTXHQWLQFUHDVHVLQPHDQDPELHQWWHPSHUDWXUHV1DXJKWRQ
DQGRWKHUV7KH LPSRUWDQFHRIRYHUVWRU\FDQRS\KDV
EHHQGHPRQVWUDWHGIRURWKHUDPSKLELDQVSHFLHVLQWKHFHQWUDO
2UHJRQ&RDVW5DQJH0DUWLQDQG0F&RPE
 7KH HIIHFWV RI SUHVFULEHG ÀUH RQ DPSKLELDQV LV KLJKO\
YDULDEOHDQGVWURQJO\LQÁXHQFHGE\WKHORFDWLRQRIÀUHVLQ
SUR[LPLW\WREUHHGLQJKDELWDWVJHQHUDOO\ZHWODQGVVHDVRQ
RIÀUHDQGDPSKLELDQVSHFLHVVHHUHYLHZVE\%XU\
%XU\DQGRWKHUVGH0D\QDGLHUDQG+XQWHU3LOOLRG
DQGRWKHUV5XVVHOODQGRWKHUV7RGDWHIHZVWXG
LHVKDYHEHHQSXEOLVKHGRQWKHHIIHFWVRISUHVFULEHGÀUHRQ
DPSKLELDQSRSXODWLRQVLQGU\FRQLIHURXVIRUHVWVRIWKH:HVW
VHHWDEOHLQ3LOOLRGDQGRWKHUV&RPSDULQJDPSKLELDQ
SRSXODWLRQVEHIRUHDQGDIWHUORJJLQJDQGEXUQLQJRIDFWLYLW\
IXHOVLQZHVWHUQ2UHJRQ&ROHDQGRWKHUVIRXQGWKDW
FDSWXUHUDWHVRIWHUUHVWULDO(QVDWLQDEnsatina eschscholtzii)
and giant salamander (Dicamptodon tenebrosus) decreased
LQWUHDWPHQWVWDQGVUHODWLYHWRXQWUHDWHGFRQWUROV,QFRQWUDVW
9UHHODQG DQG 7LHWMH  IRXQG VLPLODU DEXQGDQFHV RI
slender salamanders (Batrachoseps attenuatusLQ&DOLIRUQLD
RDNZRRGODQGVEHIRUHDQGDIWHUSUHVFULEHGÀUH
Figure 14²%RUHDOWRDGVUHDGLO\RFFXS\EXUQHGKDELWDWV IRUDJLQJRQDQWV
DQGJURXQGEHHWOHVDQG¿QGLQJVKHOWHUXQGHUORJVDQGURFNVDQGLQURGHQW
EXUURZV3KRWRE\'DYLG3LOOLRG
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 7KHUHLVFRQFHUQWKDWIXHOWUHDWPHQWVPD\FRQWULEXWHÀQH
sediment to streams because of increased surface runoff
(OOLRWWDQGRWKHUV5RELFKDXG5RELFKDXGDQG
:DOGURS6HGLPHQWDWLRQFDXVHVUHGXFHGVXUYLYRUVKLS
RIHJJVDQGWDGSROHVRIVRPHVWUHDPEUHHGLQJDPSKLELDQV
WKDWOD\WKHLUHJJVDQGUHDUWDGSROHVXQGHUURFNVRUZLWKLQ
LQWHUVWLWLDOVSDFHVLQWKHVXEVWUDWXP&RUQDQG%XU\
*DPUDGWDQG.DWV*LOOHVSLH
 6RPHDPSKLELDQVPD\EHQHÀWIURPIXHOWUHDWPHQWV)RU
H[DPSOHERUHDOWRDGVBufo boreasDSSHDUWREHDWWUDFWHG
WRUHFHQWO\GLVWXUEHGDUHDVDQGPD\EHQHÀWIURPIXHOUHGXF
WLRQSURMHFWVÀJ7RDGVFRORQL]HGDQGEUHGLQGR]HQV
RIVKDOORZSRQGVLQEXUQHGORGJHSROHSLQHIRUHVWVLQ*ODFLHU
1DWLRQDO3DUNEXWQRWLQDGMDFHQWXQEXUQHGDUHDV&RUQDQG
+RVVDFNQG$OWKRXJKWKHHQYLURQPHQWDOIDFWRUVDWWUDFW
LQJWKHWRDGVWRWKHSRQGVLQWKHEXUQHGIRUHVWVDUHXQFOHDU
another study found toads in greater abundances in burned
IRUHVWV.LUNODQGDQGRWKHUV,QQRUWKHDVWHUQ2UHJRQ
GLHWVDPSOHVIURPERUHDOWRDGVLQEXUQHGVXEDOSLQHÀUDQG
ORGJHSROH SLQH IRUHVWV FRQWDLQHG KLJKHU QXPEHUV RI SUH\
LWHPV SHUFHQW DQWV WKDQ VDPSOHV REWDLQHG IURP WRDGV
LQXQEXUQHGIRUHVWV%XOOLQSUHVV,QWKHPLG$WODQWLFDQG
VRXWKHDVWHUQ 8QLWHG 6WDWHV VXEVWDQWLDO UHVHDUFK KDV EHHQ
FRQGXFWHG RQ WKH HIIHFWV RI SUHVFULEHG ÀUH LQ ÀUHSURQH
HFRV\VWHPVDQGIRXQGWKDWÀUHLVLPSRUWDQWIRUPDLQWDLQLQJ
KDELWDWVIRUVHYHUDODPSKLELDQV0HDQVDQG&DPSEHOO
0HDQV DQG RWKHUV 0XVKLQVN\  +RZHYHU RXU
XQGHUVWDQGLQJRIKRZEHVWWRPDQDJHWKHÀUHUHWXUQLQWHU
YDOLQIRUHVWVZLWKWKLQQLQJDQGSUHVFULEHGÀUHQHHGVPRUH
DWWHQWLRQ0HDQVDQGRWKHUV3LOOLRGDQGRWKHUV
Semlitsch 2000; Schurbon and Fauth 2004). Although many
VSHFLHVDSSHDUPLQLPDOO\DIIHFWHGE\IXHOWUHDWPHQWV)RUG
DQGRWKHUV.LUNODQGDQGRWKHUV/LWWDQGRWKHUV
VRPHDPSKLELDQSRSXODWLRQVPD\H[SHULHQFHVKRUW
WHUPQHJDWLYHHIIHFWV 0F/HRGDQG*DWHV6FKXUERQ
and Fauth 2003).
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Species Implications—Invertebrates
General
 The effects of fuel treatments on terrestrial invertebrates in
western dry coniferous forests are likely to be as diverse as the
JURXSLWVHOI7KHJURXSLQFOXGHVWKHKLJKO\GLYHUVHDUWKURSRGV
LQVHFWVVSLGHUVPLWHVVFRUSLRQVFHQWLSHGHVPLOOLSHGHVLVR
SRGVDQQHOLGVVHJPHQWHGZRUPVDQGPROOXVNVVQDLOVDQG
VOXJV,QYHUWHEUDWHVFRPSRVHRYHUKDOIRIWKHDQLPDOGLYHUVLW\
DFURVVEURDGODQGVFDSHVLQFOXGLQJIRUHVWHGODQGV1LZDDQG
RWKHUVE7KLVQXPEHULVHYHQKLJKHULIXQGHVFULEHGVSH
FLHVDUHLQFOXGHG)RUH[DPSOHLQWKH&ROXPELD5LYHUEDVLQ
OHVVWKDQSHUFHQWRIDQHVWLPDWHGVSHFLHVKDYHEHHQ
GHVFULEHG1LZDDQGRWKHUVE,QYHUWHEUDWHVRFFXS\DOO
forested habitats and have diverse functional roles including
GHWULWRYRUHV SUHGDWRUV KHUELYRUHV DQG SROOLQDWRUV 0DQ\
LQYHUWHEUDWHVDUHVSHFLÀFDOO\DVVRFLDWHGZLWKVKUXEVVQDJV
OLWWHUDQGGXIIKDELWDWHOHPHQWVWDUJHWHGLQIXHOWUHDWPHQWV
 0RVW LQYHUWHEUDWHV RFFXS\ GLVWLQFWO\ GLIIHUHQW KDELWDWV
GXULQJWKHLUOLIHF\FOH)RUH[DPSOHVRPHVSHFLHVOLYHEHORZ
ground as immatures and above ground as adults or feed on
YHJHWDWLRQDVLPPDWXUHVDQGWKHQRQÁRZHUQHFWDUDVDGXOWV
%HFDXVHIRUHVWLQYHUWHEUDWHVDUHVKRUWOLYHGDQGHLWKHUKDYH
VKRUW GLVSHUVDO UDQJHVRU DUH VHGHQWDU\ LQRQHRUPRUHRI
WKHLUOLIHVWDJHVIXHOWUHDWPHQWVKDYHWKHSRWHQWLDOWRDIIHFW
ORFDOSRSXODWLRQVWKURXJKGLUHFWPRUWDOLW\GHSHQGLQJRQWKH
VHDVRQW\SHDQGVL]HRIWUHDWPHQW7KHVFDOHRILQYHUWHEUDWH
KDELWDWVDQGSRSXODWLRQVL]HVFDQYDU\E\RUGHUVRIPDJQLWXGH
FRPSDUHGZLWKYHUWHEUDWHV$OWKRXJKVRPHLQYHUWHEUDWHVSH
FLHVDUHQRWHGIRUWKHLUH[SORVLYHSRSXODWLRQQXPEHUVPDQ\
LQYHUWHEUDWHVSHFLHVDUHVFDUFHDQGUHFRJQL]HGDVWKUHDWHQHG
HQGDQJHUHGRURIFRQVHUYDWLRQFRQFHUQIRUH[DPSOH/D%RQWH
DQGRWKHUV2QHRIWKHLQKHUHQWSUREOHPVLQSODQQLQJ
IXHOUHGXFWLRQWUHDWPHQWVKRZHYHULVWKHODFNRILQIRUPDWLRQ
DYDLODEOHDERXWWKLVKLJKO\GLYHUVHJURXS
 Relatively few studies have evaluated the effects of fuel re
duction treatments on invertebrates in dry coniferous forests.
These studies focused variously on communities of certain
VWUDWD IRUH[DPSOH IRUHVW OLWWHURU VRLORUFHUWDLQ WD[D IRU
H[DPSOHVSLGHUVJURXQGEHHWOHVEXWWHUÁLHVEDUNEHHWOHV,Q
WKLVV\QWKHVLVZHRUJDQL]HDYDLODEOHLQIRUPDWLRQWRWKHH[WHQW
SRVVLEOHDURXQGIXQFWLRQDOJURXSVGHWULWLYRUHVSUHGDWRUVIRU
HVWKHUELYRUHVDQGSROOLQDWRUVGHVFULEHGLQ1LZDDQGRWKHUV
E)RUWKHSRQGHURVDSLQHIRUHVWVRIWKH6RXWKZHVW6KRUW
DQG1HJURQH[DPLQHSHUWLQHQWOLWHUDWXUHDQGSUHGLFW
DUWKURSRG UHVSRQVHV DFURVV D VLPLODU DUUD\ RI IXQFWLRQDO
JURXSV WR IRUHVW UHVWRUDWLRQ DFWLYLWLHV LQFOXGLQJPHFKDQLFDO
WKLQQLQJSUHVFULEHGEXUQLQJDQGWKLQQLQJZLWKEXUQLQJ,Q
PRVWH[SHULPHQWDOVWXGLHVQXPHULFDODQGLQVRPHFDVHVIXQF
WLRQDOUHVSRQVHVWRWUHDWPHQWVKDYHEHHQPHDVXUHGE\XVLQJ
FHQVXVRUVXUYH\WHFKQLTXHVH[SUHVVHGLQWHUPVRIDEXQGDQFH
DQGGLYHUVLW\ VSHFLHV DVVHPEODJHV ULFKQHVV HYHQQHVV$Q
increasing number of studies are examining mechanisms and
consequences of disturbance including fuel reduction treat
ments on invertebrate communities and habitat dynamics. A
QXPEHURIVWXGLHVKDYHIRFXVHGRQEDUNRUZRRGERULQJLQVHFWV
EHFDXVHRIWKHLUZHOONQRZQUHODWLRQZLWKVLWHGLVWXUEDQFHDQG
KRVWVWUHVVDQGWKHODUJHVFDOHGLVWXUEDQFHDQGGLVUXSWLRQRI
PDQDJHPHQWREMHFWLYHVWKDWRXWEUHDNVFDQFDXVHVHHV\QWKHVHV
E\)LOLSDQGRWKHUV*DVWDQGRWKHUV+D\HVDQG
'DWHUPDQ:HWUHDWWKLVJURXSVHSDUDWHO\
 7KH WKUHDW WRIRUHVWKHDOWKSRVHGE\RXWEUHDNVRIQDWLYH
VSHFLHVSDUWLFXODUO\LQVHFWVOLNHVRPHVSHFLHVRIEDUNEHHWOHV
DQG GHIROLDWRUV LV VRPHZKDW XQLTXH WR LQYHUWHEUDWHV 6LO
YLFXOWXUDOSUDFWLFHV VXFKDVSUHFRPPHUFLDO WKLQQLQJ WKDW
LPSURYHJURZLQJFRQGLWLRQVRIGHVLUHGWUHHVSHFLHVDQGVWDQG
health have long been considered one means of reducing the
ULVNDQGLPSDFWRIWKHVHGLVWXUEDQFHDJHQWV*DVWDQGRWKHUV
+RZHYHUWKHGLUHFWXVHRIIXHOUHGXFWLRQWUHDWPHQWV
to achieve the combined goal of fuel and insect management
KDVQRWEHHQZLGHO\DSSOLHGRUH[WHQVLYHO\VWXGLHGZLWKRQH
H[FHSWLRQEHLQJVODVKWKLQQLQJUHVLGXHWUHDWPHQWVWKDWDUH
DLPHGDWUHGXFLQJVXUIDFHIXHODQGWKHEXLOGXSRISRSXOD
WLRQVRIVRPHEDUNDQGZRRGERULQJLQVHFWVIRUH[DPSOH6L[
and others 2002; Zabowski and others 2000). The success of
IXHOUHGXFWLRQWUHDWPHQWVDVLQVHFWSRSXODWLRQFRQWUROWDFWLFV
WKURXJK KDELWDW DOWHUDWLRQ RU GLUHFWPRUWDOLW\ UHTXLUHV DQ
XQGHUVWDQGLQJRISRWHQWLDOOLIHKLVWRU\RUEHKDYLRUDOYXOQHU
DELOLWLHVRIWKHVSHFLHVSRSXODWLRQG\QDPLFVDQGVHDVRQRI
WUHDWPHQWDSSOLFDWLRQSDUWLFXODUO\LQWKHFDVHVRISUHVFULEHG
ÀUHIRUH[DPSOH0F&XOORXJKDQGRWKHUV0LOOHU
)RUH[DPSOHPLFURFOLPDWHFKDQJHVLQWKLQQHGVWDQGVKDYH
EHHQ IRXQG WRDIIHFWPRXQWDLQSLQHEHHWOH Dendroctonus 
ponderosae EHKDYLRU DQG FRORQL]DWLRQ RI SRQGHURVD DQG
ORGJHSROHSLQHUHYLHZHGLQ$PPDQDQG/RJDQ)XHO
UHGXFWLRQWUHDWPHQWVPD\DOVRKDYHLPSRUWDQWLPSOLFDWLRQV
IRUWKHPDQDJHPHQWRIQRQQDWLYHLQYDVLYHLQYHUWHEUDWHVSH
FLHVDQGVRPHVSHFLÀFH[DPSOHVZLWKYDULDEOHUHVXOWVKDYH
EHHQUHSRUWHGLQRWKHUHFRV\VWHPVIRUH[DPSOH&DOODKDP
and others 2003; Sanders 2004; Zettler and others 2003).
 2XUODFNRINQRZOHGJHDERXWWKHGLYHUVHLQYHUWHEUDWHFRP
PXQLWLHVRIGU\FRQLIHURXVIRUHVWVLVDVLJQLÀFDQWOLPLWDWLRQ
LQXQGHUVWDQGLQJDQGSUHGLFWLQJWKHUHVSRQVHRIWKLVJURXS
QDWLYHDQGQRQQDWLYH WR IXHO UHGXFWLRQ WUHDWPHQWV$FURVV
LQYHUWHEUDWHJURXSVDQGIRUGLYHUVHHFRV\VWHPVWKHSURYLVLRQ
RIUHIXJLDOHDYLQJXQWUHDWHGDUHDVIURPZKLFKSRSXODWLRQV
can recolonize) is widely recommended to minimize the ef
IHFWVRIGLUHFWPRUWDOLW\DQGDFFHOHUDWHUHFRYHU\IRUH[DPSOH
+RKHQORKHDQG'XQFDQ3DQ]HU%DVHGRQVWXGLHV
LQERUHDOIRUHVWVEXWVHHPLQJO\JHQHUDOO\DSSOLFDEOH1LHPHOD
FRQFOXGHGWKDWUHFRYHU\ZLOOEHLQÁXHQFHGE\WUHDW
PHQWVL]HE\UHWHQWLRQRIFULWLFDOKDELWDWFRPSRQHQWVVXFK
DVFRDUVHZRRG\GHEULVDQGE\VL]HDPRXQWDQGGLVWDQFH
between these refugia.
Detritivores
 ,QYHUWHEUDWHVRIWKHIRUHVWVRLODQGÁRRUDUHLQVWUXPHQWDOLQ
GHFRPSRVLWLRQDQGQXWULHQWF\FOLQJDQGLQFOXGHGHWULWLYRUHV
VXFKDVHDUWKZRUPVODQGVQDLOVDQGVOXJVDQGDUWKURSRGV
LQFOXGLQJPLOOLSHGHV LVRSRGVPLWHV DQG VSULQJWDLOV DQG
WKRVHVSHFLHVDFWLYHO\LQYROYHGLQWKHGHFRPSRVLWLRQRIGHDG
YHJHWDWLRQLQFOXGLQJGRZQZRRGDQGVQDJVVXFKDVWHUPLWHV
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EHHWOHVDQGDQWV$OWKRXJK1LZDDQGRWKHUVDEDQG
6KRUWDQG1HJURQUHYLHZWKHSRWHQWLDOHIIHFWVRIPDQ
DJHPHQWDFWLYLWLHVLQFOXGLQJWKLQQLQJDQGSUHVFULEHGÀUHRQ
LQYHUWHEUDWHVRIWKHVRLOOLWWHUDQGGRZQZRRGLQZHVWHUQGU\
FRQLIHURXV IRUHVWV IHZVWXGLHVKDYHVSHFLÀFDOO\H[DPLQHG
the effects of fuel reduction treatments on detritivores and
GHFRPSRVHUVLQWKHVHIRUHVWV$VKDVEHHQVKRZQHOVHZKHUH
%DWWLJHOOLDQGRWKHUV*XQQDUVVRQDQGRWKHUV
1LZD DQG RWKHUV D E DQG6KRUW DQG1HJURQ 
K\SRWKHVL]HG WKDW WKLQQLQJ LV OLNHO\ WR KDYH D VXEVWDQWLDO
QHJDWLYHHIIHFWDW OHDVW LQ WKHVKRUWWHUPRQ LQYHUWHEUDWHV
RIWKHVRLOVDQGRUJDQLFOD\HUVWKURXJKVRLOFRPSDFWLRQDQG
GLVUXSWLRQRUORVVRIRUJDQLFOD\HUV&RPSDFWLRQZLOOGHSHQG
RQVRLOW\SHDQGWKLQQLQJPHFKDQLVP6RLORUJDQLVPVPD\
be more buffered from the effects of treatments than those in
WKHOLWWHUOD\HUV)RUH[DPSOHORQJWHUPHIIHFWVRIWKLQQLQJ
\HDUVSRVWWUHDWPHQWRQGHQVLWLHVRIPLFURLQYHUWHEUDWHV
LQFOXGLQJ RULEDWLG PHVRWLJPLG DQG SURVWLJPDWLG PLWHV
ZHUHIRXQGLQWKHOLWWHURIODWHVXFFHVVLRQDOZKLWHÀUAbies
concolorDQG'RXJODVÀUIRUHVWVLQWKH&DVFDGH0RXQWDLQV
RIVRXWKZHVWHUQ2UHJRQEXWQRGLIIHUHQFHVZHUHIRXQGLQPLWH
RU&ROOHPERODGHQVLWLHVLQWKHXSSHUFPRIVRLOEHWZHHQ
thinned and unthinned stands (Peck and Niwa 2004).
 3UHVFULEHGÀUHHIIHFWVRQWKHLQKDELWDQWVRIIRUHVWVRLOOLWWHU
DQGGRZQZRRGPD\GLIIHUGUDPDWLFDOO\E\VSHFLHVEXWDUH
OLNHO\WRGHSHQGRQÀUHLQWHQVLW\1LZDDQGRWKHUVDE
,QSRQGHURVDSLQHVWDQGVLQ%ODFNV0RXQWDLQ([SHULPHQWDO
)RUHVWLQQRUWKHDVWHUQ&DOLIRUQLDSUHOLPLQDU\UHVXOWVVKRZ
WKDWORZLQWHQVLW\SUHVFULEHGÀUHKDGOLWWOHHIIHFWRQWKHVSHFLHV
ULFKQHVVGLYHUVLW\DQGHYHQQHVVRIRULEDWLGPLWHVZKHUHDV
PRGHUDWHLQWHQVLW\ SUHVFULEHG ÀUHV VXEVWDQWLDOO\ DIIHFWHG
PLWHFRPPXQLW\VWUXFWXUH2OLYHU7HQHEULRQLGEHHWOHV
ZKLFKDUHIRUHVWÁRRUVFDYHQJHUVZHUHIRXQGDWKLJKHUULFKQHVV
DQGGLYHUVLW\LQSRQGHURVDSLQHVWDQGVRIQRUWKHUQ$UL]RQD
VHYHQWRHLJKW\HDUVDIWHUZLOGÀUHDQGWR\HDUVDIWHU
fuel reduction treatments (thinning alone and thinning with
SUHVFULEHGEXUQLQJFRPSDUHGWRXQWUHDWHGVWDQGV&KHQHWDO
6WXGLHVLQRWKHUHFRV\VWHPVKDYHVKRZQIXHOUHGXFWLRQ
treatments can negatively affect invertebrates of the soil and
OLWWHUGLUHFWO\WKURXJKPRUWDOLW\DQGORVVRIIRRGDQGFRYHUDQG
PDQ\KDYHSURORQJHGUHFRYHU\SHULRGVIRUH[DPSOH+DQXOD
DQG:DGH6SULQJHWW,QIRUPDWLRQRQHIIHFWVRI
changes in soil and litter invertebrates on ecosystem functions
IRUH[DPSOHQXWULHQWF\FOLQJLVQHHGHG
Predators
 Predatory invertebrates can be found throughout forest
KDELWDWV EXW IUHTXHQWO\ VWXGLHGSUHGDWRUV DUH WKRVHRI WKH
IRUHVW ÁRRU HVSHFLDOO\ VSLGHUV DQG FDUDELG EHHWOHV 7KHVH
invertebrates are likely to recoverfrom fuel reduction treat
PHQWVPRUHTXLFNO\WKDQWKRVHLQWKHVRLOSDUWLFXODUO\WKRVH
ZLWKJUHDWHUPRELOLW\DQGGLVSHUVDOUDQJHV7KH\PD\DOVR
UHVSRQGSRVLWLYHO\ WRJUHDWHUKDELWDWKHWHURJHQHLW\FUHDWHG
E\WUHDWPHQWV7ZRVWXGLHVRQHRQUHVSRQVHWRWKLQQLQJ!
\HDUVSRVWWUHDWPHQWDQGWKHRWKHURQSUHVFULEHGÀUHWR
\HDUVSRVWWUHDWPHQWIRFXVHGRQVSLGHUVDQGFDUDELGEHHWOHV
LQODWHVXFFHVVLRQDOZKLWHÀUDQG'RXJODVÀUIRUHVWVLQWKH
&DVFDGH3HFNDQG1LZDDQG.ODPDWK0RXQWDLQVRI
2UHJRQ1LZDDQG3HFN$OWKRXJKQRGLIIHUHQFHZDV
IRXQG LQRYHUDOO DEXQGDQFHRU VSHFLHV ULFKQHVVRIFDUDELG
EHHWOHVEHWZHHQWKLQQHGDQGXQWKLQQHGVWDQGVVRPHLQGL
YLGXDOVSHFLHVZHUHPRUHRUOHVVDEXQGDQWLQWKLQQHGVWDQGV
$EXQGDQFHDQGVSHFLHVULFKQHVVRIVSLGHUVZHUHVLJQLÀFDQWO\
KLJKHU LQ WKLQQHG VWDQGV*HQHUDOO\ KXQWLQJ VSLGHUVZHUH
PRUHQXPHURXVLQWKLQQHGVWDQGVZKHUHDVVKHHWZHEEXLOGLQJ
VSLGHUVZHUHPRUHQXPHURXVLQXQWKLQQHGVWDQGVVHHDOVR
0F,YHUDQGRWKHUV
 ,QWKHLUVWXG\RIVKRUWWRORQJWHUPHIIHFWVRISUHVFULEHG
ÀUH1LZDDQG3HFNIRXQGQRGLIIHUHQFHVLQVSHFLHV
ULFKQHVVRUGLYHUVLW\IRUFDUDELGVRUVSLGHUV+RZHYHUIRXU
RIÀYHFRPPRQVSHFLHVRIFDUDELGVZHUHPRUHDEXQGDQWLQ
XQEXUQHGVLWHV)RXURIVHYHQFRPPRQVSLGHUVSHFLHVZHUH
PRUHDEXQGDQWLQXQEXUQHGVLWHVDQGWKUHHZHUHPRUHDEXQ
GDQWLQEXUQHGVLWHV$VZDVIRXQGZLWKWKLQQLQJWUHDWPHQWV
KXQWLQJ VSLGHUV ZHUHPRUH DEXQGDQW LQ WUHDWHG VLWHV DQG
ZHEEXLOGHUVZHUHPRUHDEXQGDQWLQXQWUHDWHGVLWHV2QO\D
ZHDNUHODWLRQVKLSZDVIRXQGEHWZHHQDEXQGDQFHDQGWLPH
VLQFHEXUQ3DWWHUQVZHUHOLNHO\LQÁXHQFHGE\GLIIHUHQFHVLQ
ÀUHLQWHQVLWLHVDPRQJ\HDUV1LZDDQG3HFN
 Site management history and size of treatment area were fac
WRUVFRQVLGHUHGLPSRUWDQWLQPRGHUDWLQJFKDQJHVLQGLYHUVLW\
DQGDEXQGDQFHRIOHDIOLWWHUDUWKURSRGVLQPL[HGFRQLIHUVWDQGV
LQWKH6LHUUD1HYDGD0RXQWDLQVRI&DOLIRUQLDRQH\HDUIRO
ORZLQJÀUHDQGÀUHVXUURJDWHWUHDWPHQWVSUHVFULEHGEXUQLQJ
RYHUVWRU\WKLQQLQJZLWKXQGHUVWRU\PDVWLFDWLRQDQGFRPELQHG
WKLQQLQJDQGEXUQLQJ$SLJLDQDQGRWKHUV$SLJLDQDQG
RWKHUVIRXQGVSHFLHVULFKQHVVRIJURXQGEHHWOHVZDV
VOLJKWO\KLJKHULQEXUQHGFRPSDUWPHQWV+RZHYHUFKDQJHV
LQDEXQGDQFHGXHWRWUHDWPHQWVZHUHWD[RQVSHFLÀFDPRQJ
FRPPRQJURXSVRIEHHWOHVDQWVDQGVSLGHUVDQGVKRZHGQR
SDUWLFXODUSDWWHUQ,QDORQJHUWHUPVWXG\RIJURXQGEHHWOHV
LQSRQGHURVDSLQHVWDQGVRIQRUWKHUQ$UL]RQD WKHVSHFLHV
DVVHPEODJHGLGQRWYDU\EHWZHHQWKLQQHG\HDUVSRVW
WUHDWPHQWDQGXQWUHDWHGVWDQGVZDVULFKHULQWKLQQHGVWDQGV
WKDWZHUHVXEVHTXHQWO\\HDUV WUHDWHGZLWKSUHVFULEHG
ÀUHDQGZDVKLJKHVWLQVWDQGVWZR\HDUVIROORZLQJZLOGÀUH
9LOOD&DVWLOORDQG:DJQHU7KHVHDXWKRUVDWWULEXWHWKH
KLJKGLYHUVLW\LQEXUQHGVWDQGVWRWHPSRUDU\FRORQL]DWLRQE\
RSHQDUHDVSHFLHVS\URSKLORXVVSHFLHVDQGWKHEHJLQQLQJ
of recolonization from refugia. In another study conducted
LQSRQGHURVDSLQHVWDQGV LQQRUWKHUQ$UL]RQD&KHQHWDO
 IRXQGFRQVLVWHQWO\KLJKHU ULFKQHVVDQGGLYHUVLW\RI
FDUDELGVPRUHWKDQVHYHQ\HDUVIROORZLQJZLOGÀUHDQGPRUH
than 13 years following fuel treatments. They conclude that
FDUDELGVPD\SURYLGHDXVHIXOLQGLFDWRURISRQGHURVDSLQH
VWDQGFRQGLWLRQVIROORZLQJIXHOWUHDWPHQWVRUZLOGÀUH
Forest Herbivores and Pollinators
 'HSHQGLQJ RQ WKH WLPLQJ RI IXHO UHGXFWLRQ WUHDWPHQWV
LQYHUWHEUDWHKHUELYRUHVDQGSROOLQDWRUV VXFKDVPRWKVDQG
EXWWHUÁLHV WKDW IHHG RQ DQG OLYH LQ OLYH YHJHWDWLRQ GXULQJ
some life stage can be immediately affected through direct
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PRUWDOLW\RU ORVVRI IRRGRUFRYHU ,Q WKH ORQJWHUP WKHVH
LQYHUWHEUDWHVPD\EHQHÀWIURPFKDQJHVLQVWUXFWXUDOGLYHU
sity caused by fuel reduction treatments that increase the
DPRXQWRI OLJKW UHDFKLQJ IROLDJHDQG WKH IRUHVWÁRRU7ZR
\HDUVDIWHUDWKLQQLQJWKDWUHPRYHGSHUFHQWRIWKHEDVDO
DUHDLQ\RXQJSRQGHURVDSLQHLQFHQWUDO2UHJRQDEXQGDQFH
RISDQGRUDPRWKVColoradia pandora) (which feed as larvae
RQSLQHIROLDJHZDVQRWDIIHFWHG5RVV+RZHYHUDGXOW
emergence and egg hatch occurred seven to 10 days earlier
LQWKLQQHGVWDQGVSUHVXPDEO\DVDUHVXOWRILQFUHDVHGVRODU
UDGLDWLRQDQGWHPSHUDWXUH5RVV,QSRQGHURVDSLQH
RDNIRUHVWW\SHLQQRUWKHUQ$UL]RQD:DOW]DQG&RYLQJWRQ
 IRXQG WKDW DGXOW EXWWHUÁ\ DEXQGDQFH DQG VSHFLHV
richness were greater with a combination of thinning and
SUHVFULEHGÀUHWKDQZHUHWKRVHRISDLUHGFRQWUROVLWHV7KH\
IRXQGWKHVHHOHYDWHGUHVSRQVHVXSWRWZR\HDUVSRVWWUHDWPHQW
FRUUHVSRQGHGZLWKVLJQLÀFDQWO\JUHDWHUOLJKWLQWHQVLW\LQWKH
WUHDWHGVLWHDOWKRXJKODUYDOKRVWDQGQHFWDUSODQWULFKQHVV
GLGQRWFKDQJH6LPLODUUHVXOWVZHUHUHSRUWHGE\+XQW]LQJHU
DIWHUSUHVFULEHGÀUHWR!\HDUVLQWZRIRUHVWW\SHV
ODWHVXFFHVVLRQDOUHVHUYH'RXJODVÀUDQGKDUGZRRGVLQWKH
6LVNL\RX0RXQWDLQVRI2UHJRQDQGPLGWRODWHVHUDOSLQHV
DQGÀUVLQZHVWHUQ6LHUUD1HYDGDVRI&DOLIRUQLD+XQW]LQJHU
IRXQGDGXOWEXWWHUÁ\VSHFLHVULFKQHVVDQGGLYHUVLW\
ZHUHVLJQLÀFDQWO\JUHDWHULQEXUQHGVLWHVLQFOXGLQJXSODQG
IRUHVWVLWHVULSDULDQVLWHVDQGIXHOEUHDNVWKDQLQFRQWURO
VLWHV$VIRXQGE\:DOW]DQG&RYLQJWRQSHQHWUDWLRQ
RI VXQOLJKW WRWDO DUHD DQG GHQVLW\ RI VXQOLW SDWFKHV ZDV
IRXQGWREHDVLJQLÀFDQWIDFWRULQEXWWHUÁ\VSHFLHVULFKQHVV
+XQW]LQJHU$GGLWLRQDOO\+XQW]LQJHUFDOOHG
DWWHQWLRQWRWKHSRWHQWLDOIRUQRQQDWLYHSODQWVSHFLHVLQYDVLRQ
IROORZLQJSUHVFULEHGÀUHDQGRWKHUGLVWXUEDQFHVWKDWFRXOG
KDYHVHFRQGDU\QHJDWLYHLPSDFWVWKURXJKORVVRIKRVWSODQWV
(but see Forrester and others 2005).
Bark and Wood Boring Insects
 6SHFLHVEHQHÀWLQJIURPVWUHVVRUZHDNHQHGGHIHQVHVRIOLYLQJ
KRVWVVXFKDVURRWDQGEDUNEHHWOHVDQGZRRGERUHUVDUHOLNHO\
WRUHVSRQGSRVLWLYHO\LQWKHVKRUWWHUPWRVLWHGLVWXUEDQFHFUHDWHG
E\WKLQQLQJDQGSUHVFULEHGÀUHDOWKRXJKWLPLQJRIWUHDWPHQW
DIIHFWV WKH UHVSRQVH 0DFKPHU  IRXQG D VXEVWDQWLDO
increase in abundance of some bark beetles and wood borers
IDPLOLHVLQWKH&ROHRSWHUDDQG+\PHQRSWHUDDIWHUSUHVFULEHG
ÀUHRQO\SHUFHQWLQFUHDVHSDUWLDOKDUYHVWDQGSUHVFULEHG
ÀUHSHUFHQWLQFUHDVHDQGSDUWLDOKDUYHVWRQO\SHUFHQW
LQFUHDVHFRPSDUHGWRXQWUHDWHGFRQWUROVXSWRRQH\HDUSRVW
WUHDWPHQWLQLQWHULRU'RXJODVÀUDQGSRQGHURVDSLQHVWDQGVLQ
%ULWLVK&ROXPELD7KH\DOVRUHSRUWHGDQLQFUHDVHLQGLYHUVLW\
RIEHHWOHVZLWKLQWKHÁDWKHDGHGZRRGERUHUV%XSUHVWLGDH
URXQGKHDGHGZRRGERUHUV&HUDPE\FLGDHDQGEDUNEHHWOHV
&XUFXOLRQLGDH6FRO\WLQDH$SLJLDQDQGRWKHUVDOVR
found bark and woodboring beetles (including scolytids:
HylurgopsVSSHylastesVSSDQGXyleborusVSSLQFUHDVHG
LQWKH\HDUIROORZLQJWKLQQLQJDQGSUHVFULEHGÀUHZKLFKLV
FRPPRQIRUH[DPSOH+DQXODDQGRWKHUV6XOOLYDQDQG
RWKHUV:LWFRVN\
 6HYHUDO VWXGLHV H[DPLQLQJ HIIHFWV RI SUHVFULEHG ÀUH RQ
EDUN DQG ZRRG ERULQJ EHHWOHV IRXQG FRPSDUDEOH UHVXOWV
/RZLQWHQVLW\ ODWHVHDVRQ SUHVFULEHG ÀUH LQ -HIIUH\ SLQH
stands in the Sierra Nevadas resulted in a greater number of
trees attacked by bark beetles (Scolytinae: Dendroctonus and
IpsVSSFRPSDUHGWRXQWUHDWHGVWDQGV%UDGOH\DQG7XHOOHU
&URZQDQGEROHVFRUFKZHUHVLJQLÀFDQWSUHGLFWRUVRI
EHHWOHSUHVHQFHLQÀUHLQMXUHGWUHHV,QDQH[SHULPHQWZKHUH
ORGJHSROHSLQHEROHVZHUHEXUQHGSULRUWRPRXQWDLQSLQHEHHWOH
ÁLJKWLQ%DQIIDQG.RRWHQD\1DWLRQDO3DUNV(ONLQDQG5HLG
IRXQGWKDWHPHUJLQJEHHWOHVGLGQRWSUHIHUHQWLDOO\DW
WDFNÀUHLQMXUHGWUHHV+RZHYHUDWWDFNVXFFHVVZDVKLJKHULQ
LQMXUHGWUHHVZKHQEHHWOHSRSXODWLRQOHYHOVZHUHORZDWKLJK
SRSXODWLRQOHYHOVLQMXUHGDQGXQLQMXUHGWUHHVZHUHHTXDOO\
likely to be successfully attacked.
 7KUHHVWXGLHVH[DPLQHGVKRUWDQGORQJWHUPHIIHFWVRIIXHO
UHGXFWLRQWUHDWPHQWVRQEDUNDQGZRRGERULQJEHHWOHVLQSRQ
GHURVDSLQHLQQRUWKHUQ$UL]RQD0F+XJKDQGRWKHUV
followed tree mortality and beetle attacks for three years after
DVSULQJDQGVXPPHUZLOGÀUHDQGDIDOOSUHVFULEHGÀUH7KH\
found wood boring beetle colonization and bark beetle attacks
ZHUHKLJKHVWLQWKHÀUVW\HDUSRVWÀUHZLOGODQGRUSUHVFULEHG
7UHHVDWWDFNHGE\EDUNEHHWOHVKDGPRUHFURZQLQMXU\WKDQ
XQDWWDFNHGWUHHVDWWDFNSHUFHQWDJHZDVKLJKHVWLQWKHVSULQJ
burn and lowest in the fall burn. Wallin and others (2003) found
DSRVLWLYHUHODWLRQVKLSEHWZHHQFURZQVFRUFKDQGDWWHPSWHG
EDUNEHHWOHFRORQL]DWLRQ LQD VWXG\H[DPLQLQJ UHVSRQVHVRI
KRVWWUHHVDQGEDUNEHHWOHSRSXODWLRQVDIWHUWUHDWPHQWZLQWHU
VSULQJSUHVFULEHGÀUHZLWKWKLQQLQJ2YHUDWKUHH\HDUSHULRG
6DQFKH]0DUWLQH]DQG:DJQHUIRXQGORZSRSXODWLRQ
levels of endemic bark beetles regardless of treatment history
WKDWLVQRHYLGHQFHRIDQRXWEUHDNWKHVHWUHDWPHQWVLQFOXGHG
XQWUHDWHG WKLQQHG  \HDUV SULRU WKLQQHG IROORZHG E\
SUHVFULEHGÀUHZLWKLQWKUHHWRIRXU\HDUVRUVWDQGUHSODFHPHQW
E\ZLOGÀUHWZR\HDUVSULRU7KHVHUHVXOWVDUHFRXQWHUWRWKH
K\SRWKHVLV WKDWGHQVHVWDQGVVKRXOGEHPRUHVXVFHSWLEOH WR
EHHWOHLQIHVWDWLRQ6DQFKH]0DUWLQH]DQG:DJQHU
Summary ______________________
 7KLVV\QWKHVLVSURYLGHVDFXUUHQWVWDWHRINQRZOHGJHDQG
HOXFLGDWHVWKHPDQ\GDWDJDSVWKDWH[LVWRQWKHHIIHFWVRIIXHO
UHGXFWLRQRQIDXQDLQGU\FRQLIHURXVIRUHVWW\SHVLQWKH:HVW
(IIHFWVRIIXHOUHGXFWLRQRQZLOGOLIHDQGLQYHUWHEUDWHVSHFLHV
differ according to a number of factors that may differ with
HDFKWKLQQLQJRUSUHVFULEHGÀUHWUHDWPHQWLQFOXGLQJFXUUHQW
FRQGLWLRQDQGPDQDJHPHQWKLVWRU\H[LVWLQJDQGVXUURXQGLQJ
KDELWDWVODQGVFDSHVHWWLQJDQGWUHDWPHQWDWWULEXWHVW\SHVL]H
VHDVRQIUHTXHQF\7KLVFRQIRXQGVRXUDELOLW\WRJHQHUDOL]H
DERXW UHVSRQVHV WR IXHO WUHDWPHQWV DQG OLPLWV SUHGLFWLRQV
WR WKRVH VSHFLHV WKDW DUH ZHOOVWXGLHG DQG KDYH UHVSRQGHG
FRQVLVWHQWO\WRYDULRXVIXHOUHGXFWLRQWUHDWPHQWV,QJHQHUDO
VSHFLHVSUHIHUULQJRSHQKDELWDWVDQGVSHFLHVDVVRFLDWHGZLWK
HDUO\ VXFFHVVLRQDO YHJHWDWLRQ ZLOO OLNHO\ EHQHÀW IURP IXHO
UHGXFWLRQWUHDWPHQWVZKHUHDVWKRVHVSHFLHVWKDWSUHIHUFORVHG
FDQRS\IRUHVWVRUGHQVHXQGHUVWRU\ZLOOOLNHO\EHQHJDWLYHO\
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DIIHFWHGE\IXHOUHGXFWLRQV6SHFLHVWKDWDUHFORVHO\DVVRFLDWHG
with those habitat elements that will be removed or consumed
E\IXHOUHGXFWLRQVVXFKDVGRZQZRRGODUJHGLDPHWHUVQDJV
VPDOOGLDPHWHUWUHHVDQGVKUXEVZLOOH[SHULHQFHKDELWDWORVV
at least in the short term.
 :LOGOLIHDQGLQYHUWHEUDWHSRSXODWLRQVKDYHHYROYHGZLWK
ÀUHDVDQDWXUDOGLVWXUEDQFHLQGU\IRUHVWVRIWKH:HVWDQG
WKXVKD]DUGRXVIXHOUHGXFWLRQVWKDWVLPXODWHKLVWRULFDOÀUH
UHJLPHVPD\XOWLPDWHO\EHQHÀWVRPHQDWLYHIDXQD0DQDJLQJ
IXHOVWRUHFUHDWHQDWXUDOGLVWXUEDQFHSDWWHUQV%XQQHOO
$OOHQDQGRWKHUVDQGWRUHGXFHWKHULVNRIFDWDVWURSKLF
ÀUHVFDQEHGRQHLQDFRQVHUYDWLYHLQFUHPHQWDOPDQQHUXV
LQJPHFKDQLFDOWKLQQLQJDQGÀUHRYHUDORQJWLPHSHULRGIRU
restoration of ecosystems (Allen and others 2002). This con
FHSWPD\DOORZPDQDJHUVWRPRYHDZD\IURPVLQJOHVSHFLHV
PDQDJHPHQWDQGWRZDUGHFRV\VWHPPDQDJHPHQW1RQHWKHOHVV
ORQJWHUPPRQLWRULQJRILQYHUWHEUDWHDQGZLOGOLIHSRSXODWLRQV
ZLOOXOWLPDWHO\GHWHUPLQHZKHWKHUIUHTXHQWUHSHDWHGWKLQQLQJ
DQGSUHVFULEHGÀUHLVKDYLQJEHQHÀFLDORUDGYHUVHHIIHFWVRQ
VSHFLHVRILQWHUHVW
 7KHUH LV D JUHDW QHHG IRU ORQJWHUP REVHUYDWLRQDO DQG
SUHIHUDEO\H[SHULPHQWDOVWXGLHVRQWKHHIIHFWVRIDUDQJHRI
IXHOUHGXFWLRQWUHDWPHQWVDWPXOWLSOHVSDWLDOVFDOHVVWDQGRU
ODUJHU,GHDOO\UHSOLFDWHGEHIRUHDIWHUFRQWUROLPSDFWVWXG
LHVVXFKDVWKRVHXQGHUZD\ZLWKWKH)LUHDQG)LUH6XUURJDWH
3URJUDPDQG%LUGDQG%XUQV1HWZRUNZLOOSURYLGHPXFK
QHHGHGLQIRUPDWLRQ+RZHYHUXQWLOPRUHFRPSOHWHLQIRUPD
WLRQRQPDQ\VSHFLHVEHFRPHVDYDLODEOHWKHFRQVLGHUDWLRQ
of management activities that allow the retention of critical
KDELWDWHOHPHQWVLVZDUUDQWHGSDUWLFXODUO\WKRVHWKDWDUHVORZ
WRUHFRYHUVXFKDVODUJHGLDPHWHUGRZQZRRGDQGVQDJV
English Equivalents _____________
 :KHQ\RXNQRZ 0XOWLSO\E\ 7RÀQG
 &HQWLPHWHUVFP  ,QFKHV
 0HWHUVP  )HHW
 .LORPHWHUVNP  0LOHV
 +HFWDUHVKD  $FUHV
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